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R, G. O'Meara®, Alexander M. Gow, and W. T. Schrenk™ 


INTRODUCTION 


Lime is used extensively in the various industries. The National 
Lime Association® in an excellent and recent bulletin lists 23 important in- 
dustries in which lime plays a vital role; and it thereby justifies the 
statement that "Lime is one of the most versatile and widely used reagents 
in the chemical and industrial world." There is, however, one application 
of this "universal" reagent which has not been mentioned. It is the use of 
lime in the flotation of ores. An avvreciable vercentage of the lime produc- 
tion is consumed by ore-dressing plants. 


The uses of lime througnout all the industries: are more or less re- 
lated, but "lime" is a broad term; the varieties of lime are more numerous 
than the limestones from which it is made, and its use involves a comolicated 
technique. The interrelated avplication and growing importance of lime in 
flotation warrant this additional vublication on the various "limes," with 
emphasis on those uses related to the function of lime in flotation. 


Lime in water treatment, cvaniding, and amalgamating will be men- 
tioned, after which its use in flotation will be taken wp. 


This comoendium was prepared by the Mississippi Valley Exveriment 
Station of the United States Bureau of Mines and the Missouri School of Mines 
and Metallurgy, Rolla, Mo. 


1 - The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: “Reprinted from the U. S. 
Bureau of Mines Information Circular 6423." 

2- Assistant metallurgist, U. S. Bureau of Mines, Mississivpi valley Experi- 
ment Station, Rolla, Mo. 

3 - Assistant metallurzist, U. S. Bureau of Mines, Mississippi valley rxperi- 
ment Station, Rolla, Mo. 

4 ~ Consulting chemist, U. §. Bureau of Mines,. Mississippi Valley Experiment 
Station, Rolla, Mo., and Professor of Chemistry, Missouri School of Mines 
and Metallurgy, Rolla, Mo. 

5 —~ National Lime Association, Lime: Its Uses and Value in the [Industrial 
and Chemical Processes; Yashington, D. C., 1930, 88 pp. 
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Lime was one of the first chemical substances used by mankind. 
Knibbs® gives an interesting historical sketch of lime, stating that it is 
as old as the use of fire, that it was used as an offensive weanon in war 
by throwing it into the faces of the enemy, and that magnesia was not clear- 
ly distinguished from lime wmtil the eighteenth century: 


Lime was one of the first chemical substances to be used by 
mankind, and lime-burning is one of the oldest chemical industries. 
The process of calcining limestone is vrobably nearly as old as the 
use of fire, because in any limestone country the effect of light- 
ing a fire on the stone would be to vroduce lime, but the intelli- 
gent application of the vrocess must have come much later .... . 


According to Quietmeyer, lime, together with nlaster of Paris, 
was used in Egypt about B. ¢. 2600, and by Soloman in Jerusalem 
circa 950 B. C., and it is probable that its use began at a much 
earlier age... . . - Xenophon (circa B. C. 350) records the 
wrecking near Marseilles of a ship carrying a cargo of linen and 
the lime required for its bleaching, but Cato, in B. Cc. 184, an- 
pears to have been the first to mention kilns for burning it. 
Dioscorides and Pliny (circa A. D. 75) both describe the production, 
slaking, and uses of lime ..... . Vitruvius, at the beginning 
of the Christian era, dealt at length with the use of lime for 
building purvoses. Lime is mentioned in the Bible ......e..-.. 


Little is known regarding the condition of the lime industry 
in medieval times, but a knowledge of its vroperties and its use for 
building purposes is reflected in the writings of the day..... 


Quicklime would appear to have been used in the Middle Ages for 
offensive purposes in wer, and the Enelish hurled it in their ene- 
mies' faces at a naval battle just after the death of John in 1217 
se «© «© «© » It was used by alchemists for causticizing the alkali 
metal carbonates in wood ashes and for other curposes, but it was 
so familiar a material that they seldom thought it worth mentioning, 
and no attemmt seems to have been made to exvlain the nature of the 
process of calcination until the phlogistic period. 


The elucidation of the nature of the calcination process is 
due largely to Josevh Black, who showed that it consisted in the 
expulsion of 'fixed air.! . 2. 2 « «.6 © 2+ © «© «© «@ 


Magnesia was not clearly distinguished from lime until the 18th 
century when Black showed that the former gave.a.soluble sulphate. 
It therefore has no individual early history. Magnesia alba appears 
to have come into commerce from Rome about A. D. 1700. The calcina- 
tion of magnesium carbonate, like that of calcium carbonate, was ex- 
vlained by Black and Lavoisier. 


6 — Knibbs, N. V. S., Lime and Magnesia: ‘rnest Benn, Ltd., London, 1924, 
300 ppv. 
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Limestone, from which lime is made, is one of the imvortant sub- 
stances in the lithosphere. That it is widely distributed uvon the earth is 
shown by Clarke.“ ' He shows that the average limestone is only about 75 per 
cent pure and states as follows: 


- . . . « . Broadly, then, we may estimate that the lithosphere, 
within the limits assumed in this memoir, contains 95 ver cent of 
igneous rock and 5 per cent of sedimentaries. If we assign 4.0 per 
cent to the shales, 0.75 per cent to the sandstones, and 0.25 ver 
cent to the limestones we shall come as near the sEube as is vossi- 
ble with the present data oe ee ww 


Whether or not the figures are correct is of no importance to us 
sther than it does show that the distribution is widespread. Nor has the 
United States been slighted in the matter of geologic distribution of lime- 
stone. The statistics nublished by the Department of Commerce, Bureau of 
Mines, for 19288 show that 41 of the 48 States have reported plants in oper- 
ation for the burning of lime. In 1928. the four largest producing States were 
Ohio, Pennsylvania, Missouri, and West Virginia, in the order named. The 
total number. of plants in overation in 1928 was 411. Keen cometition existed 
among the producers and there was a tendency to overproduction and lower 
prices. If lime is the most vlentiful alkali, it is also the cheapest. The 
average value, at the plants, of lime sold decreased from $8.75 a ton in 1927 
to $8.18 a ton in 1928. In 1929 the average price for hydrated lime was 
$8.24 per ton. The average value for building lime was 85 cents less than 
in 1927, for chemical lime was 24: cents less, and for agricultural lime was 
8 cents less. The production.of lime in the United States from 1919 to 1929, 
inclusive, is given in Table 1, taken from Mineral Resources of the United 
States, 1928.2 | | 


The statistics given in Mineral Resources do not include a consider- 
able amount of lime that is not a commercial product, but is burned for di- 
rect use in manufacturing, from stone either quarried or purchased: by the man- 
ufacturer. This stone is reported to the Bureau as rar limestone and is in- 
cluded in the statistics on stone. It is used mainly by alkali works, suger 
refineries, and smelters. | ba ee it Gm 


As mentioned in historical sketches on lime, the first recorded use 
was in mortar and plaster. The field_has since extended so that lime is. a 
necessity in many industries. ‘Holmesl2. mentions’ the extensive uses of lime: . 


7 — Clarke, Frank “igglesworth, The Data of Geochemistry: U. -S- Geol. Survey, 


Bull. 770, 1924, p. 34. 
8 — Coons, A. T., Lime in 1928: Mineral Resources of the United States, mee 


- Part II, 1929, po. 175-186. 

29 — Coons, A. T., Work cited. ; ) 

10 —Holmes, M. &., An Outline of the Uses of Lime: Chem. and Met. Eng., vol. 
26, Feb. 15, 1922, pp. 294-300. OT 
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Table 1. 


| Fydrated lime 


Year | Number of} 
plants in 


Number of 


plants in} Short 


i Short — 


oneration) oneration) tons: 
639 13,330, 347 
5. 13,570,141 


12, 532,153 


1925 134 15,287,461 4,580, 823 
1926 147° =°11,606,811} 15,182,460 4,560,398 
1927 157 11,596,906} 14,581,695 4,414,932 
1928 164 1,612,818] 13,540,215 4,458,412 
192 |1, 550, 771} 12,771,525 4,269,768 


- Line sold by producers in tne United States, 1919-1929 


~ ty E ‘ to» 
i . « ? * 7 .) . a = as an a | 


Total lime 


ig — 


4 29,448, 553 
37,543,840 - 
24, 895,370 
33,255,039 

| $9,993,652 
 - 39, 596,423 


° us 42, 609 , 141 


41,566,452 . 

38, 638,413 

. 36, 449,635 
'. 33,478, 848 


SPS Leenes) Seer fC ae eae ScaMNet PEERED EO as one 
1 - The value given represents the value of bulk lime f. o. b. point of ship- 


ment end does not include cost of barrel or package. 


2 - Advance figures. from press release of Department of Commerce on "Sales. 


of Lime in 1929; Sept. 16, 1930. 


The use of lime in mortar and plaster was, in past ages, its only 


important use. 


Coincident with our modern industrial development 


along technical lines, the lime industry has expanded enormously in 
the rmuinber of its teconical uses and therebv has offered a fertile 
field for the activities of the investigator and writer ..... . 


In the vresent article the author has approached the subject 
primarily from the point of view of a systematic arrangement in out- 
line form of the uses of lime, grouping the various uses under head- 


ings indicating functions verformed by lime. 


In order to. show the 


unusually large number of functions that lime can perform, we have 


included not only the well-known uses that represent 
but all the uses of which we have authentic records. 


e.c8 e 8 @ 


large tonnages 


In industrial technology it is convenient to. ‘divide the ‘uses of 
lime into three major groups - viz., construction uses, agricultural 


uses, and chemical uses. 


The construction uses include those involved 


in building operations,.the agricultural uses are limited to the uses 
on the farm, and the chemical uses include the very large number in- 


volved in manufacturing and technical processes. 
cation of certain uses is somewhat arbitrary, yet it 


Although the allo- 


seems to divide 


the field in accordance with the cuties of the engineer, agronomist, 


and chemist. 
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Holmes gives in his article a table of.tha relatixe - importance of 
the various: uses of lime, compiled from data for’ 192” ‘given by the United 
States Gédlogical Survey. The latest available figures (1928) taken from 
Coonsil on lime are given in Table 2 and rearranged to, have the same form as 
the table’ shown by Holmes. 


The table shows . that in 1928, . 504, -248 tons‘ of' lime was used for 
metallurgical work. The consumption of lime in flotation for the same period 
was abdout one-fifth of this amount. From this the conclusion is drawn that 
about es) Rep cent of all the. ne consumed is used in ‘flotation. 


» * © © & S # 
er ee o @ 8 


ewes ere ¢ 


in’ the industry, usage ana the- eanied ea G composition of limestone, 
from which the lime is obtained: by calcination, ‘have extended the meaning so 
_that it also connotes a large variety of products varying in composition 
with regard to the Ca0Q--Mg0 ratio:: A’ hee peered is given in Tebdle 3 
which is a modification of one ‘by Knibbs .22 ‘this classification serves ‘to 


nr ae ee a 


ty 
ee ee ee 


aoe @ @ # 


‘tadool3 discusses the aie oe of commercial Tiss anon the true 
chemical brent ti onace of the term lime as eB fe ollows : 


os @r rea & 6 & 


Thus, “commercial lime may contain as high ‘as 45 ver cent af: mapnées. 
ium oxide’ (MgO) as well as ‘such | impurities. as silica, iron: Dance 
and alumina. . 


6 he ee OS EE OE 
. - 


manner ; 


> ere 


e © 28 @ * 


. @# 8 @» © © 


corresponding proportions. 


11 - Coons, A. T., Work cited. ; 

12 ~ Knibbs, N. V. §.,. Work cited.: - —' : | : ie 

13 - Ladoo, Raymond B., Non-metallic Minerals; ‘Mesraw—Hi11 oe Coe. New, 
York, 1925, p. 310... 

14 - - Porter, Je Mes. Manufacture of. Dime ‘Bakesia sf: Standards Cir. 337, 1927, 
os ‘4. ; 


Da 


. x. ¢ . e ° 
ee Py ¢ ee . aa 
: Sos . ry ? 
’ Ce: - ‘% . 
: ° _ a ee : 

i e : 

“ 9 Si ' , 
8 9 a i ‘ @ ey ~~ we 5 ~- , sce ee 7 2 
rand wee? : ia e ¢ . 
“ ' : we 8 
. 
‘ we 
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Table 2. — Relative impor tance of the various ses of lime 


: Percentage. . - 
Us eos of total Short tons 
BULEDING: c4.cevaedis Sead eae eanvnawekewss heemnees Aas tad 148, 840}1, 986,465 
CHEMICAL: Pe | 
Sugar refineries .occssecsecccecces Castes aes = ee 15.088 oes 
Tanneries ..... eee er ee ar Perr r erie ° 04 | ; ° 
lage WOVE. ccc ci Mons <a wean bah caren 1.8! 1.7] 78,994 76,161 
Refractory lime ( dead~burned dolomite) ...... 8.5 | 10.1; 374,415 448,761 
Metallurgy: cseisesess cus ee reer te Tee ee e+ 9.2) 11.3} 406,063 504,248 
PROST GALIS: veining cad oS ieade wate aus secceess] 927| 9.6! 429,606) 429,334 
OTHER. USES: (ERE SSO Se GRAS AG TR CNR CewEA A LOSO | kos 
Alcohol mamfacturing and Rakgideatdon TTT eer | ; | 2 .199 2,302 
Alkali works (ammonia, soda, potash) Sued % si - 12,610) 6,675 
Bleaching ch lite 66's Rhee ee wate eee rer 2 5, 703 | 14,970 
Bleach Liquid) 6. 5cs culessdenagh beecawenweses vn | |. 10,308} 18,954 
Calcium acetate ert rre eee re (reaneeecen i 9,618 1,643 
CALCIUM (Carbide. ii5 iiss sieve uessadee seas ce Pea ! | 27,037) 32,596 
Soke and gas manufacturing has surttice- 7 | | 
tion and olant. byopredurts } reere eee eet | | 29,988) 31,011 
Creameries and dairies .c.esvceccccececserend | (1) | -- 
Disinfectants (chloride of lime, Sieg: as tae vaca | Loe» | — 
Plow ML a: sass bos adidsaokso seseanvesaecesl | | Q) pn 
cht eee err ere ree eT ee Te Te eT Pe re re , | »46 
Insecticides (spraying material). ....++....+4 : | 22,154) = 19,369 
Oil and fat manufacturing ...secceresereeeees , . 3, 809} 9,119 
O42 POLADINE esses hae s 6 aS pesos ¥eSRETIOR SE Ee | 7,101) (1) 
Paint (kalsomine, whitewash, varnish, etc.) Ea 4 5,050 | 5,017 
RODDED ciccd dn Vea Sens ee eevee s 18 see R RE eS | 4,192 3,361 
Salt refining tteeenst ene ecesceese eee eeeseees | ‘ 1,210} 2,423 
Sand-lime and slag brick seeresceeesereeesees | 43,064) _, Te Se7 
Sanitation (sewage, garbage purification, etc. | 2,416! 2,857 
Silica brick eeseeceeccececceaeesnceees crecedl |. 15,638) 15,735 
Soap seed eeeeereeesan cece eeeben nent ereeeeee ee 25,487| 33, 759 
PORRELOS. Gy 5 Kea dbl oe he asaaibneuseeneN eeeee | Lo. “ies 1,460 
Water: purification ....sssweccergesseooys oe | |, 124,212) 145,757 
Wood distillation veo ccccececccesresceseeses | i “11, 683] 3,899 
Undistrituted(2)..,...... sched pevneverts ete as 4 .,42,973} 53,198 
UNBPOCIILOG 6.6 66k 06000 20484630% ee . | SLs 
Agricul tural’ 0... csseccccccescssecs 


: a. 
Hydrated lime (included in above: totals) ... |:36. 4: 36. ail 596, oy 612,818 
(1) Included in "undistributed. " 
(2) time used in acid neutralization and. drying, acetic acid, “asphalt and fer- 
tilizer filler, bichromate refining, buffing compounds, calcium phosphate, 
cellulose, corn products, creameries and dairies, cyanide manufacture dis- 
infectants (chloride of lime, etc.), dyes, flour mills, food products, 
gelatin (edible), magnesia oil refining, oxygen, purification, retarder, 
and stock food. 


e720 — 
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fable 3. - Classification of limes 
—_— ee 
{- 4ht.- 


: ee: arrnitag arr of ‘Carbonate 
Oxide .  idsile: .. Hydroxide 


Cacos, “Other 
per cent per, r cent ompounds , 
“tl per cent 


oe 


Calcium oxide’(pure) | Cafcium hydroxide: (pure) 


ele ‘as at. . 


Lime ; Hydrate» of lime 
High-calcium lime ‘Hydruted lime 

Quicklime ‘Slaked, ‘lime ee 
Fat lime | High-calcium hydrated Lithe 
Caustic lime. Caustic lime _ - 


Shell lime 


Siliceous' lime’ ~ Hydrated siliceous Lime), - Beaks see Ss 
Argillaeéous lime — os ee ee 
Hydraulic lime ~ 
Lean lime 


OUGe: 


Magnesian lime. 2 Magnesian nydrated: Lime;! 


Dolomitic lime | | Hydrated magnesian Lime," | 

ete. * = a 
Dolomitic™ lime : | Hydrated dolomitic lime 
Dead-burned lime © fw) seo} - 2 

4 | ey ee tae 

Dolomitic magnesia .or Bad b. # - | as 20° | 0 ee 0 
on eer eae GPS Be ee ee BAY oe EO. to ;, to 
magnesia ‘ a ee Pes _—_ ¥ 50° : 80 | 10 
Magnesia oer ; Bas ie nat, Gee oe ole oa me . 80 | 0 
Dead- burned Sean - ee a to. | > to. | to 


ees re 7 20 | 100 : 10 


Eckel sl 5 givos the following classification of comercial limes: 


Group A. -High calelon limes :. “Limes ‘containing less than 5 per 
cent of magnesia. The limes of this group differ among theniselves 
according to the amount of silica, alumina, iron, etc., contained. 
A lime’ carrying less than §.ner cent of such impurities is a '‘fat' 
or ‘rich! lime, as distinguished from the more imyure ‘lean! or. 
‘poor! et 


15 - Tokels. Edwin .c “y "er eer ee a 1928, pp. 98-9. 
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Grouv B. Magnesian limes: Limes containing over 5 per ceht (usu- 
ally 30 per cent or over) of magnegia..: These limes ate all slower 
slaking and cooler than the high-calcium limes of the preceding group; 
and they anpear to make: a stronger mortar. They are, however, less 
plastic or.'smooth', and in consequence are disliked by workmen. As 
commercially produced,. they usually carry over 30 per cent magnesia. 

Holmes and Fink2® give a slightlv different classification: 

Gi. We tes eae tee a we EO es we Ze we Ok Se a ee es Se. 1% BY tne: Tera: com «; 
mercial lime, we refer to the three and-one-half million tons of 
product made yearly in this country by calcining limestone and which 
is vlaced on the market without any further. processes of chemical 
purification. That this material may be. quite different from corre-. 
svonding c. py. chemicals is evident from the following definitians.-: 
as adopted by Paguaera ca Society for Testing Materials: 

!Quickl ime is a calcined material, the major nart of which is 
calcium oxide or calcium oxide in natural association with a lesser 
amount of magnesium oxide capable of slaking with water. 


'ydrated lime is a dry powder made by treating quicklime with 
enough water to satisfy its chemicél affinity under the condition of 
its hydration. It consists essentially of calcium hydroxide or @ ... 
mixture of calcium hydroxide Sener Oates and magnesium hydrox-. 
ide. ! 


commercial limes are fuvthes classified by | the oe sg. fT, Me on 
the basis of alkaline-earth oxide ratio as calcium and magnesium | 
limes. In common vractice calcium lime is one containing 85 per cent 


. or more total CaO and magnesium lime is one containing more than 10 


tion 


16 - 


per cent MgO. In case the Cad content is very high, it mav be called 
high calcium lime and in case the magnesium oxide is considerably more 
than 10 per cent it may be called high-magnesium lime. 


Ledool” gives practically the same classification with more eh el ait 
on the subject of impurities. 


Lime is sold in two forms: (1) Quicklime (Ca0), and ao hydrated 
lime Ca(OH)5. Hydrated lime is formed from quicklime by adding the 
requisite amount of water. When quicklime is exposed to the air for 
some time, it gradually absorbs carbon dioxide (COs) from the air and 
'air-slakes,' or reverts to its oer form of calcium carbonate 


(Cacoz). 


Comnercial limes are classified according to their relative con- 
tent of Cad and'MgO as follows: .. 


Holmes, M. E., and Fink, G.J., Fundamental Physical and Chemical Prover- 


17 - 
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ties of Somercial Lime; I - Available Lime Content; Chem. and Vet. Eng., 
vol. 27, Aug. 23, 1922, vo. 347. 
Ladoo, R. B., Work cited. 
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_— High-calcium lime: Not less than 90 pér ‘cent Cad. 


_ Calcium lime: Not less than 85 per cent nor more than 90 per cent 
cao. ~ 

‘Magnesian lime: a than 10 ver cent — than 25 per 
cent Mgo. : , ~ SS a 


7 aes e 


High magnesian lime: Not less than 25 per cent’ Mgo.. 


Total imourities (exclusive of carbon dioxide) should not be over 
So per cent in selected lime or 7.5 per cent in run-of-kiln lime. 


In the followingL§8, the leanness of limes is attributed to argil— 
laceous components instead of magnesium oxides as is the general practice: 


| Usually the ‘Limit of MgO for 'fat limes’ is taken as 5 to 9 per 

cent. However, in Palermo and Lombardy they use fat limes ‘obtained 
from dolomitic limestones which contain as high as 40 per cent Mgo. 
These limes are free from or contain very little Sip, clay, etc., 
while these impurities are present in considerable quantities in 
‘lean! limes. Hence. the 'leanness' of limes is due, pot to MgO, but 
to $i0g or other argillaceous comonents. - 7 


Thus, as was said afore, "lime" is a broad term. ‘Rarely is com 
mercial. lime free from impurities,’ however, are not necessarily harmful; but 
designation should. be made as ‘to the type of lime under consideration. In 
general, limes may be classified as Whigh-calciun" or "hi gh-magnesium, " or 
as "fat" or "Lean," depending on the chemical composition of the stone from 
which they were produced. Such classification is important since the differ- 
ent varieties have different proverties. In addition to the composition, the 
manner of calcining also determines the character of the vroduct. _ 


MANUFACTURE OF LIME 


The menigactice or burning of lime may be defined as the process of 
converting limestone into lime through the. agency of heat. The imourities 
may or may not be removed. It is apvarent, therefore, that the. burning of 
lime is concerned merely with the removal of carbon dioxide from the stone. 
When the stone is heated to a sufficiently high temperature and kept there 
for a sufficiently long time, the carbonates are dissociated and the carbon 
dioxide is driven off as & gas. 


In the manufacture of line, limestone is quarried, broken into con- 
venient sizes, and calcined in a kiln. Most of the quicklime produced in this 
country is made in shaft kilns in which the selected limestone is subjected to 
a temperature above that of the decomposition of calcium carbonate. (900° ¢.) 
for a sufficient time to drive off the carbon dioxide. Commonly, ici Tn temper- 
atures range from l, 200 to 1,400° CG. The quality of limestone suitable for 


18 —- Occhipinti, Praneeaee: Influence of Magnesia Unon the Gharacter oF Rerated 
Limes: Giorn. Chim. ind. Apvlicata, vol. 6, 1923, pp. 17-20. a 
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morter may vary both chemically aid pHysicaily within rather wide limits. 
: Porter=2 enue: 7 


. eu . 

elm. 24° Aen tea) 

oe .? ty * 
a re ~ ee, “oe . n 


ste ee ee ww eh ew ew eh 6m must be remembered that on 
account of the loss of about half the weight of the stone as car- 
. “Bon A@loxide during the burning’ thé proportion of every other con- 
stituent of the stone will be nearly doubled in the lime’: ... 
- + » The amount of impuritiys (silica and oxides of iron and alu-=- 
minum) permissible in a finishing lime’ (quicklime or hydrate) is 
| very small, certainly not over 5 Per. cent (2-1/2 x per cent in the 
_‘stone). Ce i 
_ The best eungiae of lime As a btedy by using ne minimum amount of 
heat Porfer20 ‘states ‘as follows: oe ee ee des , 

There are three factors, sacentian: to the purpose of lime burn- 
‘ing: -(1) The stone must be Yreated ‘to’ the ‘temvorature of dissocia— 
ttn ‘Of ‘the carbonates; “(2) thé temverature must be maintained for 
‘Ba certain length of time; “@) the carbort: dtoxi de" ‘evolved myst be 
ae _Temoved. 

Many pesewear have been made: to: ‘dstermite ‘the ‘temperature 
of dissociation of calcium carbonate.’ The best and most recent 
___, Work done on this subject has been by Johnson and Mitchell. Both 
ee SOF these investigdtors found the dissociation temperature to be 
2" B9B° OG, The corresponding température for magnesium carbonate has 
"+" not been determined as accurately and the results are not at all 
=~" concordance, but the value 756° C3 “obtained by Mitchell in 1923 
~~". “Is probably quite correct. ° ‘These figures are for a pressure of one 
“-\" atmosphere of carbon dioxide,” a condition hardly ever met with in 
' practice. The dissociation temperature ‘of stones containing mag- 
nesium carbonate depends upon the ‘tianner of combination of the two 
carbonates. Some investigators have found the two materials to 
behave as separate compounds, dissociating at their respective tem 
peratures. On the other hand, others have found the behavior to 
indicate the presence of a double salt, with the dissociation tem- 
-“"~ perature lying between that of caicium carbonate and magnesium car- 
c.f ponate. Recent work conducted’ at: this bureau indicated the latter 
“+ =" gondition to be true. 


After the dissociation temperature has been reached it must 
be maintained for some time in order’ to transfer the required 
amount of heat xe the Btone Sete ee eee ae 


ee the physical properties: of the stone undoubtedly have some 

“? ~ Ainfdtiénes on the amount’ of heat required and-the time in which 

2 thi heat can be transferred to any given’ temperature. Thus, it 
ae will ‘take longer to burn a large piece of stone than a smaller one. 
"A fine-grained, dense stone will conduct the heat more readily than 


[ors sor ter. J. Me, Page 6 of work: cited. 
20 --Ibid.,’p. 8. 
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one which is coarsely crystalline and porous. Practical experience 
seems to »oint to the fact that the. crystals themselves require more 
heat to dissociate them than the more fine-zrained stone. The time 
required to transfer a given amount of. heat, roughly. speaking, varies 
inversely with the temperature difference. Therefore, it has been 
found economical to use as high a tenmerature as nossible in order to 
reduce the time required for burning. The upper limit of the temoer- 
ature is determined by the vhenomenon of 'overburning.' Overburned 
lime can be recognized by. its vellow color and the extreme length of 
time it takes to slake, together with the fact. that it is appreciably 
heavier than the white, properly burned lime. These properties are 
probably caused by the chemical combination of the lime with impurities 
(esvecially with silica and silicates) contained in it and the reduc- 
tion in the vercentage of pore space in the quick-lime. Lime may be 
overturned by being heated for too long a time as well as at too high 
a temperature. In general, it is. better to underburn than to overburn 
the lime, for the unburned stone may be put back into the kiln while 
the overburned lime is useless. ‘Moreover, the properties of overburn- 
ing seem to assert themselves gradually, so that the best lime is ob- 
tained. by using a minimm amount of heat... 


Knibbs2= attributes the. character. of the quickl ime to several factors; 


The properties of ‘calcium oxide depend on the method of its forma- 
tion, the temverature to which it has been exposed and the duration of 


- the. heating . oo 8 © @ @ @: @-. 


It also depends upon the physical Swouseties of the carbonate. 


| According to Kohlschutter and Feitikmecht. the primary. particles of 


burnt lime are crystalline, preserving more or less the structure of 


the original substance, but on continued heating they eggregate to 


when 


form secondary pentscrees . 


Knibbs2= emphasizes the necessity of proper calcining temperature 
he says: 


The chemical ego en ives of magnesium oxide depend, even more 
than those of calcium oxide, on the temperature to which it has been 
heated and the duration of the heating. 


o » « © « « « The oxide vrepared by heating the native carbonate 
- . » « . to redness when mixed with a limited amount of water sets | 
hard, but this property of hard setting is not shared by all oxide 
made at low temnerature. Some low temperature oxide absorbs water, 
like calcium oxide, without setting. If the oxide is heated to a 
high temoerature 4t loses the property of absorbing water, expecially 
if it contains a trace of iron oxide, when artificial periclase is 
formed... . . . Even the high temperature ak however, -com- 
bines slowly with water. — 


Knibbs. YN. V. S., Page 48 of work cited. 


zl - 


22 — Knibbs, N. V. §., Page 74 of work cited. 
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“ansboe2 warns against the overburning of magnesium ‘Limes | ‘since: 


| Magnedian limes and magnesite are similarly. subject to over- 
_ | heating, and the’ temoerature at which they were dead; burned, is 
"much © Tower than that of pure lime. .....-- a 


Since lime, in most chemical ana all flotation uses, functions in 
an Aqueous solution, the’ reactions in water are far more important to the ore 
dressing engineer than the fire reactions. . The calcining should, therefore, 
be of such a nature as to produce a alias which is favorable to hydration. 


The rate of hydration is. de termined by the physical and chemical 
proverties of eo quicklime which is being used. With subsequent hydration 
in mind, Knibbs2® gives an explanation of the physical conditions of quick- 
lime recently advanced, but the matter has never. been fully investigated. 
The physical and chemical proverties are: closely. related, Lf or the physical 
modifications are due to choc ampere in many cases. . To quo te Knibbs: 


In the overation of Lime sunning it frequently happens that lumps 
of lime are produced which when wetted hydrate only very slowly. Such 
“lime is said to be over-burnt or.dead.burnt. It. is usually easily dis- 

 tinquishable from good active lime by its snneacince and its weight, 
'- white lime generally assuming ia yellow tinge and becoming appreciably 
heavier when overburnt. The: difference in the rate of hydration may 
be enormous. A good piece of lime on wetting may become hot and start 
to fall to a powder in a few seconds, whilst an over-burnt piece of 
lime may remain apparently unchanged-for hours or even days. The term 
used for this slow-slaking:lime implies..the fact. that its condition is 
due to overheating or to its: remaining for,.too long. @ period at the 
high burning temperature, but an explanation of the change in the lime 
which so alters the rate of hydration has been suggested only comvara- 
tively recently, and the phenomena has never been fully investigated 


*7-_ e© © © © © © © © @ © © @ * @.a e°- . fe SDE eee 
Shs 1007 wie tesa tls, 


Since compact crystalline carbonate dissociates and the carbon 
dioxide escapes without anv breaking. up of the solid, which retains 
exactly the shape and size: of the original. carbonate, it is clear 
that the resulting oxide mst be porous and of a very fine-grained 
structure ..... .. In spite of its high melting point, lime 
softens at a comparatively low temperature, and it is clear that the 

_ exceedingly fine-grained structure which must be. formed when the car- 
 bonate first parts with its .carbon. dioxide may rapidly change on con- 
tinued exposure to heat.. The .change will abviously be in the direc- 
tion of reducing the exposed surface ofthe oxide, that is to say, the 
size of the individual celis or pores in. the . lime structure will in- 
crease whilst the area of.the enclosing walls will be reduced. This 
may continue for some time without any reduction in the total volume 
of the lump, but finally we should expect the cells to contract and 
the size of the whole he to diminish, the Serena of pore space 


25 ~ Knibbs, N. V. §., Page 101 oe Sore cited. - 
24 ~ Knibbs, N. V. S., Work rere: p. 99 et. seq, 
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being reduced. ‘There is good reason to believe that these changes 
actually do take place under the influence of heat. 


It must also be Sspeaberek that just as the solubility 5p a solid 
is affected by its surface conditions, so its chemical activity-is 
similarly influenced, ‘and an exceedingly fine-grained structure, which 
resembles: a very fine ‘powder, is more moseeiye, than a coarse err newune 
‘ or a-smooth surface.: . 


In commercial lime we Have aleo to take into account the tmpuri- 
ties which are always present; and which reduce the activity of the § - 
oxide in two ways. [In the first vlace, they are diluents. Silica, 
for example, combines with calcium oxide to form the compound 3 CaO . 
S405 and in addition to the threé molecules which are thus rendered 
entirely inactive the calcium silicate acts- as a diluent to the — 
oxide. Moreover, at high températures either more ‘basis compounds 
or Solid: solutions ‘of the silicate with calcium oxide are formed, 
arid: the #dditional oxide so combined or associatéd with the silica 
is rendered entirely or partially inactive. Alumina and iron oxide 
act in the same way as silica. In the second place, these impurities 
incroase the tendency towards’ tHe reduction 6f surface by reducing 
the temperature at which softening, and therefore contracting, takes 
place. The combination of these two effects accounts for the very 
considerable influence which the amount and type of thé impurities 
exert on the relation betwéen setiyi ty Set are ge ceane 


- HYRATI ON 


| ‘Hydrated lime, the ‘ary hydrate, is a produce of comparatively recent 
origin. It -is lime in which the combination with water has aa ee 
place. - Holmes and Finke? say: a 

Eydrated lime is now made ey snecnanteal pe ouencee ‘which vary 
somewhat, but all involve the thorough mixing of quicklime with the 
‘predetermined - quantity of wdter*required for complete hydration and 
maintenance of ‘the most aevorable conditions for hydration. ....- 


: ued recently most of the limé used in the building industry and 
somé ‘of the 1imé consumed in the chemical industry was hydrated by hand. 
However, a good mechanical - hydrator does the work better. Mechénical hydrators 
are of two types: Those that hydrate to a milk of lime and those in which the 
Bye Eee ‘is’ to a ary powder. 


‘ ; 


“time sometimes burns when ieee! This is discussed by Porter<®, 


who eh de 
ed et) a 


‘fhe actial wiles of the lime takes sisse.! in an wea called 
the hydrator. © Theoretically, the only function it has to perform is 


to mix the lime and’ water thoroughly and quickly, to prevent burning 


5S — Holues, W B.y and Finks GJ.) Page 347 of work cited. 
26 — Porter, J. M., Pages 68 and 69 of work cited. - - 
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the time..by local overheating. Just what happens when lime 'burns'! - 
during slaking is not well understood. If a lump of lime is given 
enough water to start hydration but not enough to complete the pro- 


cess, the unslaked portion will 'burm', and become practically. use- 


less. -This phenomenon is probably due to some. change in the physical 


-condition of the Jime caused by concentrating the heat. It is, there- 


..fore, absolutely necessary that sufficient water be added and that it 


hydrator 1s much the same. -Eniposst aman : 


shall be mixed with the lime very thoroughly and quickly . . . . .-«..« 


“Whatever the system of hydration,..the material. aie from the 


co: 


“Watever ‘the ison of. nearation. Rho: material ‘die chareed trom the 


hydrator is a mixture of fine hydrate.and lumps of. unhydrated lime, - 


lumpy hydrate, impurities,.unburnt stone, etc. Some manufacturers. . 
grind the lime very finely before hydration, .but this practice is not 
to be recommended because it prevents the separation of good fine . 
hydrate from inpurities, etc,, which should be =e first Ree after 
the process of. actual PUaTELON: ee ee Ons Bias 


, the fine nyarate is cera car the. goaree. material ee means 
of either Screens or, air Pepereroner ae. aye 4s 


A booklet by the erica Steel and Wire, 00.28 a Giscusetne the 


slaking of lime recommends the use. of: hot water and not. more than 4 pounds of 
water to 1 vound of lime. It drops the caution that the lime so slaked does 
not wholly loose its granular nature. : It says: 


_ When quick lime ia treated with: water, heat is given off and the 


‘lime is reduced to paste or mud of lime. If core. is. present, lumps 


of it will be found unslaked. Not more than four poynds of water should 
be added to one of lime to slake it. If convenient, hot water gives 
better and quicker results..than very. cold water... In, fact, very cold 
water should be used very carefully in slaking lime. -.If. too much be 
used at one time, the lime will not. slake properly... On the contrary, 
care must also be. used in slaking ‘Lime: with warm water» lest the lime 
get too hot and burn. When it gets too hot, more water should be added 
and the lime stirred with a mortarman's hoe. In case mechanieal stirring 
devices are provided,. the lime can. be stirred mechanically. and. this is 
much better than using. mamal labor. . Any. soft, mushy. lumps | must be : 
broken up to allow the water to get. to the. conter of. them... When the 
lime has ceased to bubble and absorb water, it. has passed. the | danger 
stage and may be left till required. It will continue to undergo more 


_verfect slaking if left to lie as a. thick mud for a nymber of hours, 


When it has been slaked it has then become a hydrated lime, and 
is in much the. same condition that a. dry. hydrated lime would be if 
mixed into a thick mud with warm water. There: is. this exception: a 
quick lime slaked as above does. not wholly lose. its gramlar character. 


Knibbs, N. V. §., Pages 193 and 194 ‘of work cited. 
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Lead or brass. must not. Sone in contact with lime, ‘The same bookle 


s 
e ; aes f 
SAYB: Se ak oer 7 Ps 


» 


Lime will quickly Stee ead and dissolve it. ‘Brees offers a 


better resistance, but is rather yuickly destroyed, so it is not ad- 


visable to use «ny lead or brass in considering devices where they 
will come ia cui.vact with. the lime solution. Wood osfare:an excel- 
lent resi«{ance,. aid c2st-iron a still: better one to the action of 
this reas; ont, and. therefore, these two materials! afford us the best 
possibilities for construction of the. stirring. dévices. 


129 


KnibbsS2 summarizes some id the chemistry of lime and hydrated lime; 


1 


- ‘calcium. oxide Gbee. ok. aeetles in voter: without first being con- 
verted into hapartiasees It. Sen enone has no senate in water re ae 


ce a Tie ‘solubility. of the ianovias. eae Sean sstceniadd many 
times, ana. there. is consicarable Soe enelaney: between some se ae 
figures, given is 26). Sue ee : 2 

“the ‘solubility of ‘calcium, hydroxide. is. dichossen by. the presence 

of chlorides or nitrates of the alkali metals and ammonium, the in- 
crease being due »robatly to both double decomposition and the forma- 
tion of complex salts :(@...g.--8 NH4C1.Ca(0H)s or Ca (NB) )oClo <2 H,0). 
It is also increased. by -the presence ‘of. calcium chloride “or eni trite, 
and here tthe effect ieee me ave ito. the: formation of an oxy salt ‘ie. & 


‘Calcium nae. if vure, eeadily ‘ euibinas Sith wares ‘to. form the 
hydroxide.. Ordinary. lime ,, made by calcining the carbonate, is porous 
and on moistening a lump of it.the water,is at once absorbed into the 
pores and raygidly. penetrates. to its heart. Combination then sets in 
accomoanied. by. an increase in volume, 30 that the! lump breaks up, + | 
sometimes with explosive violence, and. expnenel ey ar tO eer - 

gi. Spi iatrtac ces. fit key. shy se hiots he ee eet OF 4.2 : 

Exvosed to ordinary air calcium oxide combines with moisture and 
carbon dioxide, and if originally in lump form, it falls to powders 
(air slaked lime).: Calcium:oxide at ordinary temperatures and in 
the absence of water apparently does not combine with. carbon dioxide, 
and in air slaking. the first: reaction is the formation: of. the hydrox- 
ide...... . ..Pure. limes hydrate ravidly (comolete in.10 to’ 50 days), 


and take u» more water than is- theoretically required for thé comolete 


conversion. of. the oxide to. the. hydroxide. -Very little carbon dioxide 
is absorbed until. hydration is complete,:and the water content de— 

creases, as the. hydroxide is converted:into carbonate, but att excess — 
of water. is. always ‘retained, presumably absorbed on the carbonate or’ 
hydroxide. Magnesian limes absorb both:water and carbon: dioxide more 


negularty and more eta Saeeoes limes. are variable. = oe ei 


Saeed . 


29 — see oct 28. : 
30 — Knibbs, N. S: Vee Pages 39, 48, and 49 of > work ates: 
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The properties of the hycrate vaty with the method of making it. 

The metallurgist desires a hydrate that will reméin in suspension for maximum 
reactivity. . He can control this by regulating the ‘amount of ‘water used for 
hydration. If he buys the byarete he ‘shoul d learn the method of preparation. 
knibbssh SAYS: we | 
the vroverties of caléiun hydroxide vary considerably according 

to the method of its preparation and the nature of the lime from 

which it is made. Lime hydrated in an excess of water is generally 
. More reactive than that made by. adding just, sufficient veter to pro- 

duce drv hydroxide Sg) BY we Ses: er ee 


. No satisfactory peoieation: ‘of, these facts ‘has yet been elven: 
and further investigation is required. It has been stiggested that 
the hydrate formed by dry hydration is crystalline, or in some form 
of molecular aggregation | that renders’ it less’ Soluble. It is evident 
that there is some difference, but its ‘éxact “Wature remains to be 
elucidated. The hydroxide formed by hydrating ‘in excess water is 

. very slightly dispersed, and the solubility of the minute particles 

_ formed will be avoreciably higher than ‘that of the comparatively 
large particles of the dry hydrate, and the time taken by the former 
to saturate the solution will be less. oe 


: Owing to its low solubility. in water ‘calcium 5 hydroxide is gen- 
erally employed in the form of ‘milk’ of lime! when required for a 
. reaction in an aqueous solution. Milk of lime is a syspension of 
. the hydroxide in a saturated aqueous sdlution. It may be prepared 
in any strength, from. an actual solution containing no lime in sus- 
- pension to.a thick slurry which will barely flow and containing 
about 50 per. cent of hydroxide . in suspension ee ee 
+s « e .t-is evident.:. .e e « that lime hydrated ‘to.a dry powder is 
in a form that settles much more ‘rapidly than that hydrated in ex- 
cess of water ..... . Wet hydrdte én drying partially loses its 
. property of slow settling, and resembles that prepared ina dry way, 
.. but its proverties depend upon, ‘the temperature at. which it has been 
ee 


 Kohlschutter ‘and welince. and Kohischutter ‘and Feitknecht have 
shown that the rate of settling of the’ hydroxide is changed by hydrat- 
ing the oxide in various solutions, and they measured the rate of 

. sedimentation in a number of salt’ solutions of different concentra- 
tions. They conclude that theré is a colloidal form of the hydroxide 
between the solid and the true solution...‘ . . . Kosmann maintains 
that in milk of lime there exist various hydrates uo to Ca (OH)o . 

7. H20 or Hy ca(OH)g. It is. certainly highly probable that there is 
some loose form of: combination “between the disversed hydroxide and 
water, but it is doubtful whe thor any definite chemical: compound is 

' formed. The water molecules are probably merely absorbed.. The par- 
ticles of hydroxide prepared in a dry way are probably relatively 
large and in water the degree of dispersion is: much less. Consequently 


31 —- Knibbs, N. S. V., Pages 50-53 of work cited. 
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the exposed. surface ig imal 1éaB: and the: amount of water: absorbed will 
be correspondingly lower. Suh hydroxi ds Yenda. ‘to ‘aside: ‘on stand- 
ing in contact with water .... wap det os | 


Magnesium ines may te: exgected to. settle, more quickly ‘then calcium: 

limes. This is mentioned by. Holmes. and Find <2 wha, state: sige BAER ines ae 

The cibracteriatice: of milk of | a. line, 1 auspension | are “of. ‘cons Laer 
able importance in connection with the use of lime in many chemical 
and industrial processes. The rate of settling or parmanancy of such 
a suspension is.of. particular and direct. importance in.such processes 
as the unhairing and plumping of. hideg,.. the, preparation. of. glue, and 
gelatin, the. defecation of sugar juices, . preparation. of: whitewashes 
and lime paints, the. preparation and uses of sprays, and. insecticides, 
the treatment of water supplies, sewage-dispogal,. treatment. of.. tex-. 
.tiles, and savonification and clarification of fats. In other pro- 
cesses involving, the use of. lime,- such as.causticizing, ‘preparation 
of bleach and.bleaching solutions. and.a number of processes in other 
industries, this property is of indirect importance in influencing the. 
rate of penne rate of Botkring of pei etc. . « « « » 


The data SAW e GS ecee “indicate that pasar as of f magnasiun limes 
as a class settle much more rapidly than.do suspensions. of calcium : 
limes. — This may probably. be explained by the. fact that in calcining 
a magnesium lime the temperature required to decompose the calcium 
carbonate is very much above that: required for the magnesium. carbonate. 
The resulting magnesia is therefore superheated and.is not so. thorough- 
ly dispersed.in the slaking of the,lime, The. suspensions. of the mater- 
ial would consequently be expected in general to contain a large vro- 
portion of coarse material..and. to. settle. more freely. than that obtained 
from nigh-caleium are rete: ney. be aidan ire chia) and dis- 
pene: | ; : : a — es 
‘From a Gonasasraticns of, on data... At: can ‘also be said 
that. those limes, both calcium. and magnesium, which. as a.clags have 
a high available lime content, settle slowest. It would naturally be 
expected that. the. ‘higher this value the greater the number of par-, | 
ticles of the. quickl ime o nnterm reaction during hydration dome os 


_ A third scneralicetion can, be aaas = Tee that among the cals 
cium limes: the freshly slaked materials settle more slowly than. the 
susvensions made from mechanically hydrated limes. As pointed out 
above, the conditions obtaining in the mechanical hydration are such 

.as to favor high temperatures, which would tend to. induce certain 
chenical reactions resulting perhaps in the formation of small quan- 
tities of ‘oxyhydrate' which is described by Duley as ‘a hard, gritty, 
yellowish material which shows a tendency to crystallize., a 


nn ny ip a tt in ttn ce te teen tome 

32 - Holmes, M. E., and Fink, G.J.». Fundamental. Properties of Comercial Limes; 
II - The Settling. of. Milk of Lime Suepengions: chem: and Met. Eng., vol. 
27, Dec. 20, 1922, pp. 1212-1216. | 
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It will also be. noted that. the differences between the settling 
rates of hydrates are much less. than the differences between the. rates 
of settling of the freshly slaked material. . Slaking with excess of 
water brings out the individual characteristics of the limes in this 


-respect,: while mechanical hydration tends to smooth out or reduce 


these differences. Extreme conditions in the rate of settling are 
therefore best obtainable with quicklime. On the other hand, the use 
of oe limes. st acon’ in. greater uniformity. . ... 2 e:2 « « 


The differences iatveen the saicet magnesium limes: and correspond- 
‘ing hydrates are much: less than.-in the. case of. the calcium limes. The 
conditions obtaining in the mechanical hydration and storage, as com- 
pared with the slaking vrocess, are probably more favorable for hydra- 
tion of the magnesia, thereby minimizing the difference in the degree 
of eeepere sn ene settling sexe bed me magnesium limes. 


Kni bbe33. diceusaes tne ental ih eens of chemical composition. 


He shows. that when more. Penines Seton only is desired, magnesia is more ef- 
fective than lime: | a ee oe a oe HR es 


The hmpurditied commen ¢ present in ordinary lime are silica, alu- 
mina, iron oxide, ‘sulphate and magnesia. In many reactions magnesia 
is as effective as. calcium oxide, and therefore it does not come under 
qui te a same cee as the other imourities ..... ee 

All ‘the gioes aontit ae inoue ities Becent ‘magnesia combine | with 
calcium oxide, and silica and,alumina which may not be combined with 


- limestone generally.combine completely: with the ‘Lime during calcina- 


tion. The composition of:.the commounds formed. are not easy to deter- 


-mine, but they are generally assumed to be 3 :Cad.... Sida, 2 caQ -Al50z, 
and 2 CaO - Reo0g.:: It is. probable, -however, ‘that ;even more basic 


compounds than these are actually present in the lime, and this suppo- 
sition receives sunvort from the fact that the ‘available lime' esti- 
mated in the usual-manner......:. 4 is-not a measure of the value of 
a lime in all reactions,: but. in reactions.such as those of water 
softening, sugar refining, causticizing, carbon. digxide absorption, 
and in general where there is: no strong acid-radical involved it 
fairly -corréctly. revéals its ‘true value. When.a strong. acid radical 
is present the compound of calcium oxide with silica, alumina, or 
iron oxide is: generally: ‘attacked to some extent, and. the vercentage 
of lime actually etait is egies ‘than the ‘available lime! -ob- 
tained by analysis. a . 


In many pastiche: naadte is as artactive as -L4me, and, in “fact, 
weight for weight, it is more effective because of. its lower equiva- 


lent weight.‘ for example, where: the lime. is.used. merely. to neutral - 
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ize acid.or-where it is employed.as a carrier, as in: the sulphite 
liquor used in paper manufacture, the presence of magnesia is not 
detrimental. In the majority of its. chemical uses, howeyer, magnesia 


‘is either much :less:effective -than lime (e.- g in. causticizing soda) 


or is undesirable in the product made (e. g.-in bleaching powder) or 
both. 
Knibbs, N. V. §., Page 219 of work cited. 
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The effect of incomlete calcination varies with different limes. 
A core ar yolk of unburnt stone may.remain intact after slaking, or 
it may break up partially or completely and contaminate the hydrate. 
It :is imoortant :to-use:a lime. in which the. unburnt core, if there is 
...any, remains intact for manufacturing of bleaching powder and other 
ourvoses in which low carbon dioxide content of the hydrate igs. de> 
eee: 


- Going further with the chemical vroverties of magnesium oxide, 
KnibbsS4 states: ; oe a 
The ppevertivecce tie hydroxide davaece Deed mich ocudied.« 12 
general it behaves like calcium hydroxide but it is a weaker base 
and is much less: soluble..-It combines with carbon dioxide. and acids 
in the same way as calcium:hydroxide but with less avidity... A sus- 
pension of magnesia in water (milk of. magnons) eek ae om 
“gaoende ene ay coger so aa ° © 2s Be ease a 


Aeneas there seems to be: some digaatoanent. among. authorities as to 
the proper method of hydration, they agree that the product is influenced by 
the method of ‘adding water; and in general, they favor hydration with an ex- 
cess of water over that required by theory. The advantages ,and disadvantages 
of bigs aneaieeaae in pacna ted lime will MeCOINe further consideration. 


“ 


LIME. IN ‘WATER TREATMENT 


The wii iestiee bP witex be Lime affords a study of chemical reac- 
tions that the ore-dressing engineer has to take into consideration when he 
uses lime in flotation. Lime will relieve:.temporary hardness by breaking up 
the bicarbonates, and soda ash will vrecipitate the ions of calcium and mag- 
nesium that remain as sulvhates. This does not entirel urify the w 
because sodium sulphate is teft in -sglution. (The following excerpt from the 
National Lime Association’ wal etind®) gives-..a more complete presentation of 
the chemistry Beep eeces age te nt ce oe a ee 


The elements of au eta analusehen tu: in combination mainly as 
carbonates and sulphates, with small amounts of .chlorides and nitrates, 
are responsible for the: hardness of water. This har dness becomes ob- 
jectionable when the salts are present in amounts sufficient to form 
a curd with s08P: onde) acess when the water is heated or evaporated. 


Calcium sastonste sia ese si easen cent are. Gractiealiy ee 
ble in water,--but since all neutral waters carry the gas-carbon dioxide, 
the weak carbonic acid which forms: when C02 comes.into contact with 

- water, is capable of dissolving and. holding: in solution these carbonates 
- of calcium and magnesium to produce une bicarbonates, or what is known 
as the “ESUp OSE y: hardness! oe meade 


The water is softened by ‘the: eave of the carbonic acid either 
by heating, which is not a practical method, or by the addition of 
a fea =“ Lime is added to waters: containing dissolved limestone, 


54 - aac Yr oe 74 of work cited. 
55 — See be, Wy 35 pin eee 
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it wili absorb the carbon dioxide which holds it in-solution,-the lime 
itself being changed back to calcium carbonate, or limestone. The | 
limestone so formed, as well as that eriginally found in thé water, 
being deprived of their solvent, carbon dioxide, ess become pneotubtey 
settle out of the water and are removed as sludge. : 


Magnesium carbonate is slightly soluble i watue ene must - there— 
fore be converted to the more insoluble magnesium hydroxide before it 
can be properly precipitated. This reaction is brought about by add— 
ing additional lime, which produces magnesium hydroxide and: calciun- - 
eannonaves both of which are insoluble and eames removed. 


The sulphates of calcium and magnesium; enews semeeetivele as 
gypsum and Epsom salts, are both soluble in water and require the addi- 
tion of soda ash, or sodium carbonate, for their removal. They pro- 
duce what is called ‘permanent hardness.' The soda:ash, by effecting 
& double decomposition of the soluble sulphates, removes the calcium 
and magnesium by precipitation as carbonates, leaving the soluble 
sodium sulphate, which does not cause hardness, in the water. The 
smail amounts of chlorides and nitrates which my be preseny are re-. 

| moved along with the sulphates. oo 


It may be added that lime neutralizes acid, preetsitates ferric sul- 
phate, hastens the oxidation of ferrous sulphate, which in turn is precipitated. 
Organic matter inherent in the water is likely to be carried down by the pre- 
cipitates. 


Of interest to those who are confronted with the problem of liming 
mine waters containing iron salts is the observation that ferrous sulphate . 
accelerates the purifying effect of lime. ‘The main purposeiof the booklet by 
the American Steel and Wire Co.,26 already mentioned, is to promote ferrous: 
sulphate as a purifier. It deals with water purification in-a:broad and. -- 
thorough manner. The reading of the following excerpt from the section on 
"Alkalinities" may well be followed by a thorough study of the booklet: 


e « e «© «© © It will be seen that alkalinity may be of three kinds, 
either caustic, monocarbonate or bicarbonate; that a caustic alkalinity 
will give a pink color to a phenolphthaleine test solution, and that 
the same color will be developéd by a monocarbonate alkalinity, and 
that therefore the fact that a water turns pink. when phenolphthaleine is 
added does not necessarily mean that caustics are present. Thus a water 
may have only a caustic alkalinity or the alkalinity may be wholly mono- 
carbonate in type or it may be a mixture of the two. Orit may be 
wholly of a bicarbonate type or a mixture of bicarbonate and monocarbomte 
alkalinity. A caustic alkalinity and a: bicarbonate alkalinity cannot, 
however, exist in the same water, and where free carbon dioxide is found 
neither caustic nor monocarbonate alkalinity will be present. 


From the preceding it follows that six possible’conditions of al- 
kalinity might arise. The operator must be able to determine which one 


of these actually exists in any given water. He must also be able to 


ae a 
36 ~ See footnote 15, page 92 of work cited. ae | 
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tell just how much of any type of alkalinity is, present: in ees 
, 28 wert, as the total: conbined alkalinity of all types benente 


3 


ame ‘these six vossible conditions are as follows: 


a ae caustic alkalinity ae is present.” 


oe 


Pa Pde Waen monocarbonate elkelinity only ‘is present. 
III. Woen bicarbonate. alkelinity-only ie present. 


IV. When a ‘aixture ‘of caustic exid monbcarbonsite preerinehy ear etes 
Spa ‘When a ears of nondeaibonate and bicarbonate alkalinity 

exists. mo . ee 

VI. When a mixture of bicarbonate alkalinity and free carbonic 

acid exists. _ a, 


Some flotation reagents will permit the use of a variety of waters, 
for example, some alkaline reagents are known to work almost as well in acid 
as in alkaline water, but generally the chemical condition of the water has to 
be controlled between. narrow: limits. An’ example of the’ necessity of precise 
water treatment is the conditioning of water for soap as 4 flotation reagent. 
Oleic aciz and the oleates are the most common reagents for the nonsulphides, 
and it is well known that they are made inert by hard water. The frequent 
references in the flotation:literature to the degree of alkalinity indicate 
that a thorough lmowledge: of water treatment is required; lime is the outstand- 
ing reagent for this oe | 


LIME IN CYANIDING 
_ Lime from Limestone 


One of the princival determinants of the use of. lime in ore ivaestne 
has been its abundance and cheapness. Ih some cases its vurnose could be . 
accomplished somewhat more efficiently by ‘the use of a more expensive alkali, 
but the additional cost is not merited. In ‘other cases the chemical provers ee 
of lime are more desirable than those of other alkalies. * 


‘It is not unlikely that the first extensive use of lime in ore Akese- 
ing was in the cyanidation process, or in commection with it. At least we knor 
that it was used extensively.for two purposes, namely, neutralizing acid and 
settling slime. Ite: Pune tion in oyani dation is suimarized by Clennell.32 

Lime ig adi coventi yuna as: a ngutralig ing: ‘agent, and is frequently 

added in the battery to counteract the effect of soluble acid salts in 
the mill or mine water; it is also used as a coagulating agent in bring- 
ing about the settlement of slimes. -It is added to the cvanide solution 
as a protection against the soluble and insoluble cyanicides in the ma- 


terial treated, and also against atmospheric carbonic acid... . c 
37 - Clennell, J« E. oe The Cyanide Handbook; New York, 1915, p. 537. : 
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Since slime treatment is conducted at a higher puln density than is 
often obtained from the milling operations, there must be a dewatering of the 
pulp between the mill proper and the cvanide plant. Such dewatering is accomp- 
lished by settling and decantation, but owing to the presence of amorvhous 
clayey matter, it. is often imoossible to settle the pul» and obtain a clear 


overflow without adding some substance which vill cause coagulation or floccu- 
lation of the clayey material. HamiltonS8 says about coagulation: 


.¢ ¢ © «© « «© « © The substance most commonly used for this purpose 
is lime both on secount of its cheapness and also because of its use- 
fulness as an alkaline vrotector for the cyanide. Many other sub— 
stances have a similar effect though varying in degree, such as alum, 
calcium carbonate, sulphuric acid, ferrous and ferric sulohate, and 
calcium sulphate. Lime usually forms a coarser. grained and. more 
flocculent curd with @ more brilliantly clear swernatant liquor than 
any other electrolyte, but the precivitated mass does not settle as 

densely as that produced by .some of the others . 2. ee 2 s. 


| Hofman?” explains the precipitating action of lime by discussing the 
‘coagulating power of electrolytes: 


, i ae ee ee ° coming to slimes oroper, they may be said to con- 
sist of three, classes of substances: Suspension, colloidal suspensions, 
* and colloids (# pectoids of Cushman-Hubbard). A suspension is a finely 
- divided substance stirred up in water, which will settle out gradually 
when left in repose; the addition of an electrolyte to the water has — 
no effect upon the settling; the solid matter recovered by evaporating 
the water shows no change in its physical voroperties; the solid matter 
can be separated from the water by filtration. A colloid represents 
suspended particles which by carrying positive or negative electric 
charges repel one another continuously and thus counteract the clarify- 
ing force of gravity; the addition of an electraqlyte neutralizing the 
electric charges causes the particles to coagulate, whereupon they 
settle out and carry down with them ordinary susvensions; the solid 
matter recovered by evaporation has lost its colloidal properties; the 
solid matter cannot be separated by filtration. _& colloidal suspension 
represents a transition stage between the two extremes, and slimes be- 
long to this category. As far as practical purposes are concerned, a 
slime mav be defined as a colloidal suspension of finely crushed ore 
after 48 hours repose. | 


The coagulating power of an electrolyte depends upon the valency 
Of the kation. With the value of a univalent kation equal 1, that of 
_ @ bivalent is 30 to 40, that of a trivalent 500 to 1,000. If 1 part 
FeQ-salt settles 2,0NC parts slimy water, 1 part. Fen0z-delt will 
settle 60,000 parts; 1 part Cad settles 1,500 to 1,800 parts.. The 
figures "in the table below" give the relative weights “oere to 
produce the same coagulating effects. 
ae a og te ea ee ee ee 
38 - Hamilton, BE. M., Manual of Cyanidation: New York, 1920, p. 76. 
3° :~- Hofman, H. O., General Metallurgy; New York, 1913, pp. 506-507. 
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Table... Efficiencies of various coagulating subs tances! 


Relative - + 5 Relative 


Subs tance Efficiency =. Substance | ‘Efficiency 
Aluminum sulphate 100 Alum (pot. chrom.), 858 
Alum (notash) 143 Calcium chloride 1,095 
Herric iron | 223 Calcium carbonate = 1,215 
Alum (ammonium) — 262 ‘Calcium sulvhate ... 2, 870 
Alum (am. chrom. iron) 295 Aagnesium sulphate. 3,460 
Line 654 Sodium chloride 45,900 
Magnesia 748 Sodium sulvhate 61, 700 


1 - Julian-Smart, pp. 212, 220. 


Fortunately, sodium sulphate, which ay one of the most common ‘by- 
products of water treatment, stands at the end of the list, showing that its 


oe are eene vover is not great. 


Richard Meade40 discusses hydrated Lime as ‘ideal davarial for use in 
cyanidatiqn: | ee , 


There has been introduted in the lime. trade, within the past few 
years, dry, slaked lime wnder the trade name ‘hydrated lime'. This is 
sinoly calcium hydrate. ca(OH)o, or in the case of certain limes, a mix- 

_ture of calcium hydrate and magnesium. hydrate, Ca(OH)o Mg (OH)o. It 
is lime slaked with just pnouen water.to conyert it to hydrate without 
having an excess of moisture. When lime is slaked in the usual manner, 
water is added in soneiderabre excess. ‘This excess: remains after the 
lime has slaked and forms it into a paste or putty. In.the manufacture 
of hydrated lime, however, just sufficient. water is. added to slake the 
lime, and what small excess is eunkeyed: is: oeconence by the heat gen- 
erated by the slaking process. i hse | 


There are a number of points of superiority possessed by hydrated 
lime over quicklime which make it peculiarly adapted to the use of 
_ cyanide vlants. ‘It has splendid keeping qualities and may be kept for 
several months without avvreciable loss of value. There is absolutely 
fo danger of fire from it, and it may be stored in wooden bins or even 
- paper or cloth bags without any risk. It is extremely fine; 90% of it 
_ Will usually pass a 200 mesh screen... .. + « Hydrated lime is usu- 
ally purer than lump lime, because = ec pEecece of manufacture impur- 
. ities are screened out. 7s 


_On the other hand, of: course, hydrated . lime contain water, ana 
hence a given amount will not contain: as acne calcium oxide as will the 
same amount of quick] ime eS 6. Sw Yee . 


Generally speaking,’ hydrated Lime: is: ee purer. than Lump Lime. 
This is particularly eee of hydrates made by the air peperene® process. 


40 - Meade, Richard K., aearetca Lime for Cyaniding: Ing. and Min. Jour., vol. 
98, July 11, 1914, pp. 2-53. 
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In hydrates made by this method, the imojurities are sevarated from 
the hydrate. These impurities consist of ashes, siliceous cores, 
unburned limestone and a small amount of unhydrated lime, the latter 
usually occurring from the ower cburnine and Sener aeene of pee Sa te 


Meade 's scenes! lances that apdnated lime came to the. sonia ‘names 
before the year 1°14 and: that its. Peon operes were appreciated. Lime from dolo- 
mite will next be coneaceness 


| Lime From Dolomite 


The Engineering and Mining Pea ss vee the ewe dvecuswios 
of various alkalies and the advantages and disadvantages of each:. The dis- 
cussion was prepared before lime came into use in flotation.: It directs atter- 
tion to magnesia and shows that an excess gives only a faint alkalinity. 


. he problem of the neutralization of acid mine water has received 
only slight consideration, and a valuable agent, which promiges: ‘to 
prove much more successful than lime (CaO) or carbonate of soda 
(NajCOq), has been overlooked. This is magnesia (MgO). In using mag- 
nesite as a water purifier, the following facts may prove interesting: 

' The combined weights of the substances (taking them all as normal) 

_ are: Sulohuric acid (H5S04)., 493° lime (Cad), 28; carbonate of soda 
(NasCOz). 53, magnesia (MgO), 20. ‘This shows that the theoretical 
amount of the alkalies required to neutralize 49 parts of sulphuric 
acid is: Lime, 28 parts; carbonate of soda, 53 parts; magnesia, 20. 
parts. It will be noted that in theory the magnesia is considerably 
more efficient, weight for weight, than either lime or soda. In prac- 

. tice this superiority is even more marked. Soda is suverior to lime, 

Owing to its greater solubility although. theoretically lime is nearly 

twice as oerceers as the soda. 


-~-_ 


sulphate of soda or Glauber's salt has an addi tional piaatace 
over lime, owing to this solubility of its product; it does not pre- 
cipitate and choke pipes, as the almost insoluble sulphate of lime 
(gypsum) does. The advantages of magnesia over lime are the same as 
those of soda, the sulphate of magnesia formed being very soluble. 
It has also an advantages over soda, magnesia being very insoluble in 
water, whereas carbonate of soda is readily soluble, thus causing loss 
in working. This advantage is apparent in practical working when a 
considerable excess of magnesia can be used to insure the complete 
neutralization without troubling to make careful tests of the acidity 
of the water, and this without any appreciable loss of magnesite. If 
the neutralization is carried out by causing the acid water to flow 
through a bed of calcined magnesite in lumps of suitable size, the 
work could be. entrusted to an unskilled white man or even to & native, 
without danger of either incomplete neutralization or loss of magnesia, 


41 - Engineering and Mining Journal, Neutralizing Acid \iine Waters: vol. 107, 
Mar. 15, 1919, p. 478. (Abstracted from So. African Min. Jour. and Eng. 
Rec., Dec. 14, 1918, p. 314). 
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. Lt being merély necessary: -t¢ ase ‘the acaeeiee: Bp it: ‘is dissolved 
_ . away. When .an. excess of soda is used, this excess is lost ‘owing to 
its being dissolved unchanged and carried away. In adastian’ to this, 
it will be noted fron tiie: -combining weights that magnesia is more 
than - BL5 times as effective | as soda, and as in vractice 75 per cent 
carbonate of soda ‘is found-more éfficient than lime, it follows that 
calcined magnesite, which can be easily-obtained of a ‘purity: of from 
90 to 95%, is more ‘than three times.as effective as Tithe. 


Cal cined magnesite has another advantage over crude carbonate of 
soda, inasmuch as it can easily be obtained practically free from 
organic impurities, whereas crude soda contains these to 4 consider- 
able extent, and it is a well-known fact that even: grall quantities 
of organic matter in cyanide solutions interfere with the precipita- 
tion of gold in the extractor boxes. ‘Calcined magnesite readily com- 
bines with sulphuric acid, even in dilute : Medes ee 


| Thus it is seen that MgQ should not be tavoeed entixely. in ore dress- 
ings: it is the most active neutralizer-of free acid. : 


‘} Rage ty 


oe The effects ‘of magnesia in “| ime for :the: cyanidation process have been 
studied by Leaver.and.associates.42 The pone a, oF Sagal ena indicated 
the following: .- : oe : te 1. . eee = BLS ong 
(a) In vedas cyanide practice: where cyanide. solution. is’ +40 be 
used repeatedivfor extracting fresh batches. of ore, the. MZO--content of 
calcined dolant te cannot be used povantegp ously: to neutralize” eracidt ty. 


(1) Where an excess of calcined dol omi te ‘ts. used to eeeet 
the bpilding vp of magnesium salts in solution, ;the MgO content takes 
no part in the reaction. 


(2) If just shiotien saleined: Soileni es tas ed to neutralize 
- * acidity, magnesium salts will build wp and eventually form a ‘saturated 
- solution in which the cyanide loss would be high.unless an unusual 
paca: of 'bleeder!. solution is: run ve inate 


(d) In. the ‘cyanide ‘treatment. of gentaia ores “ealeined dolomite 
ey. be substituted for lime with prolate a8 


| "ay. .Calcined dolomite “is as effective as Lime’ ‘in preventing 
agony de loss. : 7 , 


v 
“~ 


° e o 


= - (2) Calcined dolomite nearly ‘parallels lime in ite precipitat- 
ing and. ‘settling effect and caiises no difficulty in filtration of the 
solution, or in the precipitatiga of silver by zinc. a 
; ae te. ae 
(3) Calcined doloini te" cduals: lime in the qiatity of precious 
metals recovered. PORTA a yan = 


z - Leaver, E. S., Davis, C. W., and ag a5 A.,: Ca cined Dolomite as a Sub- 
stitute for Lime in the Recovery of Gold and Silver by the Cyanide Process: 
Report of Investigation 2648, Bureau of Mines, 1924, p. 7, 
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(c) In treating certain ores by the cyanide process, the recovery 
of silver with the use of calcined dolomite as an alkaline agent is 
not equal to that obtained with the use of lime. 


(d) The use of MgO content of calcined dolomite would therefore 
be confined to neutralizing acidity and aiding settlement where the 
ore is crushed in water for amalgamation prior to cyanide treatment 
and in cyanide practice where the solution could be discarded or 
'bled' sufficiently to keep down excess of magnesium salts. 


Calcined dolomite should not be purchased as a substitute for 
lime in the cyanide process without a thorough investigation as to its 
action on the ore to be treated and its effect on all operations con- 
nected with plant practice. 


Because of the insolubility of magnesium hydrate and the solubility 
of magnesium sulphate the efficient use of dolomite is restricted. Except 
for special and well understood conditions, lime is safer. 


/ LIME IN AMALGAMATION 


Another use of lime which was developed through the cyanide process 
is the use of lime in analgamation. When milling is done in cyanide solution 
all of the lime is usually added to the ore before it enters the grinding 
mill. The lime is pulverized and. mixed with the ore and thus gives the pro- 
tective alkalinity that is desired. Milling in pure water is seldom done ex- 
cept when amalgamation precedes cyanidation. Even in this case, lime is often 
added to the mill. When this method was adopted mill men objected on the 
basis that it would harden the amalgam. However, in some cases, due to the 
improved amalgamation of fine gold in the slime, a marked increase occurred 
in the amount of gold recovered on the plates. 


- Clennel122. says of wet stamp mill operation, under the caption of 
"Application of Lime in Preparatory Treatment of Slimes:" 


In modern practice a certain amount of lime is usually added in 
the battery, sufficient to dissolve any grease from the crushing 
machinery which might fine its way onto the plates. This has the 
further effect of coagulating the slime and thus bringing it into 
more intimate contact with the amalgamated surface. Hence it has 
been observed that where lime is used in the battery, the extraction 
by amalgamation is higher, and the assay value of the slimy portion 
of the tailing is lower than when the same ore is crushed without 
the addition of lime . . . . « « « « 


Since lubricating oil or grease is harmful in flotation as well as 
amalgamation, the use of lime as a "solvent" for grease, as suggested by 
Clennell, may be borne in mind. Although lime is not a true solvent for grease, 
it causes grease to form a less harmful emulsion. 

43 - Clennell, J. E., Page 189 of work cited. 


8799 = DB ce 


Google 


I.C. 6423 


LIME IN FLOTATION 


Lime Replaces sola. ‘ireuit’ 


. Notable changes reve been made in ‘the. flotation process: in the — se 
six years. ‘The changes that have taken uiace are discussed, by. Thomas, 
Christmarn, and Gifford:22 a os bee. wen tre - 


The outstanding developments, prior to 1923, of the Hite 
<-pFocess related. particularly to improvement in the .mechanics of 
the process. .Reagents and their properties received minor atten- 
tion. ~The @trcuits employed were usually of acid reaction, and 
flotation: ‘Of: the: sulvhides into a bulk concentrate. wag the object. 
This . period of pcovarion ay be termed. the. period, of. toil flota—_ 
tion. '- A atem esse a 


The year. 1923 ariek the begining. of a. new. period in flota- 
tion, the period of 'chemical flotation.'.. Yell. characterized com 
pounds such as ‘copper sulphate, potassium, ‘xapthate, thiocarbanal id, 
and cyanide: were substituted-for the oil mixtures of the preceding 
period. A general substitution of the alkaline. for the acid cir- 
suit occurred. The outstanding characteristics of these two per- 
lods in the ‘evolution of. the flotation process are: | 


Prior to 1923 1 9 2 38 
2 OL flotation . Chemical. flotation 
Acid circuits: ‘Alkaline circuits — 
/ Bulk concentration Selective concentration. : 


— | tagger t45 has - the following to Bay. about ‘the abendonnent of the acid 
circuit: and the adoption of the alkaline circuit: | 


Until within the last few years a majority of flotation opera- 
tions were performed in acid pulps. At present, however, nearly all 
| flotation is carried on in-slightly alkaline pulps, ss. these are 
best for the chemical collecting agents. The change has effected 
large operating economies, since. acid pulps, with. copper ores par- 
ticularly, were Soetrac tae of all. iron, ig which they came into 
“eounoe ts , = es | 


“papiag 1923 coal 8 aad eiasao tes were ‘the heavy oils most used 
in the flotation of copper ores, with pine oil as the frothing agent. The 
“general practice was to use sulphuric acid and. petroleum acid sludge to form 
acid circuits. The practice of imete: circuits was, however, on the decline. 
Thomas varley26 writes: 2s & ° 


San eee ee 
44 — Thomas, George C., Christmann,..L.J., and.Gifford, R. S., Hydrogen Jon Con- 
centration - Its Control in the Flotation Process: Tech. i 11, Amer- 


ican Cyanami d Co., New York , Jan., 1928, p. l. | 

45 — Taggart, Arthur F., Handbook of Ore Dressing: New York, 1927, De e45. 

46 — Varley; Thom&s, Consumption of Reagents Used in Flotation, 1923-1924: Re- 
port of Investigation 2709, “oer eee of Mr Oeee Oct., 1925, p. 6. 
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It might be said that during the latter part of the year 1924, 
flotation practice was undergoing a somewhat. radical change, and 
many plants operated experimental units using alkaline circuits 
together with soluble frothing reagents, such as xanthates. As a 
result many have altered their practices materially, and at the 
present time great progress in ee? Sen oe being 


made. ; te : . ‘ 


eesc Datei flotation practice, or. the ‘flotation of one sana 
al from-‘another or others. in the presence of gangue, is rapidly 
being perfected. This is done not alone by the use of oils and 
acids or alkaline reagents but by chemicals and modifying agents 
which are positive in thoir reactions on certain sulphide minerals 
while others are unaffected. Advantage is taken of these facts, 
and’ chemical combinations. can bé added which retard certain miner- 
als very materially in ‘their ‘degree of floatability. It is desir- 
able, of course, to retard undesirable minerals such as pyrite.-. 
and exclude them from lead and zine minerals as well as from copper 
minerals, where the 'dropping' of pyrite. can ve. effected wa ChOats a 
sacrifice of a material amount of the desirable minerals. : 


Varley, again, for 192522 writes on the increased use of modifying 
reagents: oe ee 


In order to counteract the.objectionable soluble materials present 
either in the ore or mill water, modifying reagents are.used to 'con- 
dition the pulp!-and by neutralization prevent interference of such 
soluble materials. Reagents of this type are-soda ash, sodium silicate, 
-sodium sulphite, crude soda, lime, and acids.. In this connection lime: — 
is generally regarded as a 'chemical,! on account of its action on the 
minerals, and its reactions with acidic solutiqns or soluble salts in 


ore. " 


The year 1925 saw the eeu, ‘from acta 6 ‘alkeline. sixeolte: : 
Chemical flotation agents and conditioning agents have proved far more 
effective when used in alkaline pulps. Lime, as compared with acid, — 
is much cheaper, and can be handled and stored much more easily and - 
safely than acid. Lime can be manufactured in almost any locality, 
and procured more readily than acid. Nearly all the big operators 
have their own lime’ ‘plants: now and several are ich a bhets 


own reagents. 2 


The following table, compiled from nate. igen’ in. Reports. of ruvextic 
gations+& of the United States Bureau of Mines shows the increased use of 
lime in flotation and also the. general statistics of flotation operations. 

By comparing this table'with Table 1, one can.see that in 1928 srotatson con- 
sumed 2.5 per cent of the total lime produced. : _ 


47? — Varley, Thomas, Consumption of Reagents Used in Flotation, 1925; ‘Report 
' of Investigation 2777, Bureau of Mines, Oct., 1926, p.. 2. 
48 ~ U. S. Buréaw of: Mines Reports of Investigatixns as follows: No. 2203 
for 1919; No. 2709 for 1923-24; No. 2777 for 1925; No. 2852 for 19263 


No. 2931 for 1927; and No. 3004 for 1928. 
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Table 4. - Consumption of reagents used in 1 in flotation for the years 1°19, 
and 1923 to 50 1028, , incl. 


a ee een ee ee 
Year Tons treatec Ratio of Pounds Pounds of Pounds of reagents 
by. flotation] concentrates; of lime reagents per ton of feed 

1919) 26,545, 564 8.55 1/1, 570,200} 113,510,234 4.2384 

1923 |' 37,811,044 13.04 2/2,422,491)| 161,377,789 4.2680 

1924] 45,105,101 15.28 2/2,053,600] 178,699, 681 3.9618 

1925] 45,490,331 16.301 2,166,819] 81,666,96 1.7952 

1926} 50,889,254 15.177 3963 

1927! 50,073,450 = 926, 514, 4,404 

1928} 59,064,385 - 208,249,403] 264,033,473 4.470 © 


1/ Kind not stated. 
2/ For copper ores only. 


An increase in the ratio of concentration followed the general adop- 
tion of the alkaline circuit. In 1919 the average ratio of concentration with 
the acid circuits was 8.55; for the following years the ratio of concentration 
in alkaline circuits was practically doubled. <A slight decrease in later years, 
from 15.28 (on copper ores: largely) may be due to the treatment of an increased 
tonnage an meee Pane Ce ores. 


- With the winaat universal adoption of the alkaline flotation circuits 
and in view of the abundance and geographic distribution of limestone from which 
lime is epberned. it is not to be mene eo that lime finds Sue? extensive 
usage. 


Weinie and Palmer42. add the poheen ne on this subject: 


Lime is the most used alkaline evacent. BaceuNe of ite cheapness 
and availability. Caustic soda and caustic potash could be used to. 
replace lime ee cases,. but they are much more. expensive. . «-.» 


Giuserine the wide usage, of -qame in flotation, ienes oO endhie 
associates write: -. - ‘a oh 4 Bw 4 , : 


ty 


Since the abandonment of the se eis acid solutions in the flo- 
tation of copver, the aes iGneen has. ia aaa univers- 
BILY ao ek Bo Se. S oF fen ‘ ‘ 


the full significance. of the statement. is realized when it is remem- 
pered that of the 50,073,450 tons of ore treated by flotation in 1927, 
40,881,768 tons of copper ores, making only one concentrate, were treated. In 
1928 more than 99 per cent of the copper ore milled was treated in alkaline 
circuits using lime. 2L 


49 - weinig, Arthur J-, and Palmer,. Irving A., The Trend of Flotation: Quar. 
Colorado Sch. of Mines, vol. 24, No. 4, Golden, Colorado, Oct.,1929, p.22. 
SO - Thomas, G. C., Christmam, L. J., and Gifford, R. S., page 4 of work, cited. 
51 - Miller, T. H., and Kidd, R. L., Flotation Reagents, 1928: Report of Eavee- 
tigations 3004, Bureau of Mines, June, 1930, p. 6. - 
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Choice and Preparation of Lime i for he esncurt 


Since lime (CaO) nlays its role in flotation. in the pulp and hence 
in eon one as me it may be added to the circuit in three forms. “Sek 
Stein says ;:v= 


Lime functions ' in the ‘flotation process as calciun agievias, 
after being dissolved in the mill circuit water.: It is added-as 
(a) burnt lime--calcium oxide with other subs tances residual ‘after ™: 
burning of limestone, or (b) hydrated lime--dried cal cium ‘hydrate 
with other substances. ‘residual after the slaking' of burnt lime, -or 
(c) milk of lime--a suspension in water of varticles of hydrated, 
or freshly slaked lime, ‘making a mixture containing 25 per cent 
solids or less, depending on requirements. ‘The water is of course 
saturated with respect to calcium hydroxide. Solubility of calcium | 
oxide in distilled water. at 15° . ‘ is 0.120 por 100. 

The effective eee of. the. ‘edosad Tice, is that which goes into 
solution in the mill circuit water. to react as. calcium hydroxide, 
and its magnitude will’ therefore be governed primarily. by the qual- 
ity of the’ original limestone and the efficiency of the burning. 
Lime should, of course, be purchased on the basis of the. available 
calcium oxide of standard analysis, as this figure has a r:asonably 
dependable relative. value; but it is.worth noting that the figure 
thus given will usually be higher than. realized in practice, on. 
account of the fact that sclvent solutions in a mill circuit-are 
not as good as those used by the chemist in his methods for this 
analysis. 


The ane ies between burnt Lime, hydrated bine: and milk of lime 
will: be governed by local factors..' The problem-to solve is that of 
getting the required quantity of calciwa hydroxide into. mill cir- 
cuit solution in. the cheapest way consistent with accurate control | 
of the feed. Feeding of burnt lime or hydrated lime requires a 
greater refinement of mechanical control than tnat: ordinarily used 
for feeding ores, if the proper flotation control is to be attained. 
A storage bin or hopver delivering onto a feeder of the conveyor 
belt type, the speed.of which is controlled by. a rachet mechanism, 
variable cone pulley, or variable speed motor’ has baen used success- 
fully where the feed from bin to belt could be maintained with re- 
spect to range of sizes. Milk of lime offers a surer feed control, 
and for that reason has been adopted -at plants where the highest 
order of metallurgical results are demanded. For feeding milk of 
lime a storage tank equipped with means for maintaining the calcium 
hydrate particles in suspension is required, as well as variable- 
control fluid feeder. | 


The adverse factor in burnt lime is the fire hazard wherever 


water shipment or long time storage is required, or air slaking in 
the latter case , ..... ~« e In most.cases the payment of higher 


o2 —- Stein, S. E., Lime in Flotation: Eng. and Min. Jour.,; vol. 125, Mar. 24, 
1928, p. 487. 
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prices for hydrated lime will be found unwarranted, as a fairly good 
grade of burnt lime is usvally available at the same source, from 
which a unit quantity.of calcium hydrcxide can be furnished to the 


, am circuit more cheaply than can be 80 furnished by the hydrated 
me. 


Robie™ writes of one’ company's method of handling lime: 


Lime now being used extensively in the mill (about seven tons 
a day), apparatus for its local manufacture was installed some years 
, &go. A kiln was constructed out of the old steel stack at the Shannon 
. Smelter, in Clifton. A good grade of limestone is available near by, 
and the entire operation of quarrying the stone and making the lime 
costs only about $6 per ton. About a quarter of a ton of fuel is re- 
quired per ton of product. This contains about 90 per cent of total 
calcium oxide, and about 85 per cent of available. The burnt lime is 
crushed to 3/4-inch, stored in a steel bin which is drawn as required, 
ani ground in the first Marathon mill that was ever made, secured from 
the old plant of the Detroit Copper Mining Company in the vicinity. 
Balls have been substituted for. the rods originally used in this mill. 
The. grinding is carried out’ in a closed milk~of-lime-circuit, the 
_Tequisite supply for the concentrator being drawn off from the tank 


,, containing the circulating solution and introduced into the pulp at 


the following voints: _ The primary screen undersize, the grinding 

mill feed, and in the concentrate and tailing launder. Arrangements 

were being wade at the time of my visit to treat fresh water with 

. lime directly as it comes from the kiln, eliminating the storage of 
: unslaked lime. 


Porter. gives the olenvee of the use of hydrated lime as follows: 


- he chief advantages ~ the consumer of hydrated lime are as follows: 
It can be hardled.more easily on account of its being in powder form; 
it will keep better than the lump lime for the reasons just noted; it 
does not require slaiing, but must merely be soaked in water to prepare 
it for use. This saves time and labor and eliminates any danger of 
ese of lime due to unskilled slaking. Any unburned lime or overburned 
lime which has passed the sorter will not hydrate and can be screened 
out of the finished product. Hence hydrated lime should contain less re- 
_ fuse than the lump lime. On the other hand, hydrated lime contains 15 
to 25 per cent of water, on which the consumer may pay freight. 


Henderson®5 condemns dolomite and gives the following discussion on 


‘the use of lime to alkalize mill circuits: 


Sy) eu fee ae The question often arises as to whether calcined 
dolomite may not be substituted for strictly calcium lime for flota- 
-tion purposes: There is but one answer, and that is the negative. 


O35 - Robie. E. H., the Morenci Concentrator of the Phelps Dodge Corporation: 


Eng. and Min. Jour., vol. 126, Aug. 25, 1928, p. 293. | 


04 -,Porter, J. M., Page 13 of work cited. 
©o5 ~ Henderson, Clark T., The Proper Use of Lime to Alkalize Milt Circuits: Eng. 


and Min. Jour., vol. 120, Dec. 26, 1925, p. 1016. 
& 3).< 
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The reason for this is that the lime, to be effectivé,; must go 
into solution in the pulp, and magnesium hydroxide is scarcely solu-— 
ble in water, so that if dolomitic lime is used, only the calcium 
hydroxide contained is useful for flotation purposes and mach larger 
quantities must be employed. 


Though lime is one of the commonest chemicals and seemingly one 
of the simlest, it has peculiar characteristics worthy of serious 
consideration in using it in flotation. As already stated, the cal- 
cium hydroxide must go into solution to be effective. A part of the 
lime which goes into solution is consumed in neutralizing the temoo— 
rary hardness of the water used in making the pulp; more of the lime 
is consumed in neutralizing such acidity as there may be in the ore, 
and the balance creates the necessary alkaline condition in the cir-—- 
cuit. 


It is common practice in some plants to feed lime into the flo- 
tation circuit as dry quicklime, or calcium oxide. If fed thus, the 
conditions under which the quicklime will slake are quite uncertain, 
and the conditions under which the lime is slaked have a distinct 
bearing on its éffectiveness in the flotation circuit. Other plants 
use hydrated lime, which is quicklime slaked with the theoretical 
amount of water required for hydration. This hydrated lime is either 
fed dry into the flotation circuit or is mixed with water to form 
milk of lime, which is then fed into the circuit. Still other plants 
make a practice of slaking quicklime with uncertain quantities of 
water, when making up a milk of lime of uniform eunenere = feeding 
into the flotation circuit. 


& comprehensive series of experiments that were conducted in our 
company 's laboratory gave the following results: 


Where a certain amount of quicklime was slaked with the theoreti- 
cal amount of water required for hydration; this hydrated lime then 
diluted with additional water to a standard volume; and this standard 

volume of milk of lime placed in a graduated cylinder, thoroughly 
agitated, and allowed to settle, the time required for the undissolved 
material to settle to 50 per cent of the total volume of the original 
milk of lime was 10 minutes. <A corresponding sammle of quicklime was 
next taken and slaked with 10 times the theoretical amount of water re- 
quired for hydration. This was then diluted to standard volume, vlaced 
in a graduated cylinder, thoroughly agitated, and allowed to settle. 
The time required for the solids to settle to 50 per cent of the origi- 
nal volume was in this case 440 minutes. a eee 


It was obvious from the foregoing and other experiments that lime 
slaked with not less than 10 times the theoretical amount of water is 
much slower settling and consequently much easier to hold in suspension 
in the feed tanks, and has less tendency to settle out in: the flotation 


circuit, than milk of lime made of hydrated lime, or quicklime slaked 
with small quantities of water. 
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Having thus proved that an excess of water gives,.a milk of. lime 
. having a lower settling rate, experiments were next undertaken. to de— 
termine the relative chemical: activity of these two types of. milk of 
* Lime. ‘Each sample of milk of lime was thoroughly mixed with. the theo» 
retical quantity of sodium carbonate that would react therewith to form 
calcium carbonate and sodium hydroxide. Thé relative time required for 
causticizing was taken as an index of the relative chemical activity 
of the two types of milk of lime. The milk of lime which settled in. 
10 minutes was found to require 330 minutes to effect complete caustic- 
izing of soda ash mixed therewith, whereas the milk of lime requiring 


440. mimtes to settle was found to react completely with soda ash in 
© minutes. 


' The foregoing éxperiments seem to prove beyond question that the 
proper type of milk of lime to use in flotation work is one made by 
slaking high calcium quicklime with not less than 10 times the theo- 
retical amount of water required for hydration, because a milk of lime 
so made is not. only slow settling but much more active in a chemical 
sense. The same conclusions would seem to apply. to the use of lime 
to Secure protective alkalinity in cyanidation. 


Here, as in the section on "Hydration," the use of an excess of water 
in the preparation of the hydrate is recommended; and the evidence indicates 
that the hydrate made in this manner is much more finely divided. .It is not, 
however, always practical for the operator to slake his own lime, in which: 
case & good ime of hydrate may be used very effectively. 


Place of Adding Lime 


Lime may is added: to a) a circuit’ in any of a manber of places,: 
or even in several vlaces in the same circuit. Ralston and Yundts& point out 
the necessity of Bheate lime uO) the pulp far ahead of the flotation machines: 


i iar? Se Bove a He io is probable that in the cases. nosed where 
lime improves flotation it functions in precipitating other.less de- 
sirable soluble impurities, such as iron’ sulphates. At the Miami. 
mill it was found that when -lime was added to the pulp ‘before enter- 
ing.the ball mills'an increased recovery was obtained, whereas the 
addition of lime at the head of the flotation cells resulted dis- 
astrously.. Supposedly the lime had to be allowed time enough to re- 
act with all the soluble or semi-soluble impurities in the pulp be- 
fore going to the flotation machine, so that there would be -no raw 
eauseke lime to cause ‘trouble. 


nobieS? states -that at Morenci ground milk of. lime is added to the 
primary screen undersize, ‘the grinding mill feed, in the concentrates and 
tailings launder, and to the fresh water as it comes from the mine. 
56 - Ralston, 0..c., and Yundt, L. D., Chemicals Used in Flotation; Sin, Sci. 


Press, vol. 115, Oct. 13, 1917, p. 547. 
57 —- Rohie, EK. H., Page 293 of work cited. 
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a Tye2e reports adding milk of lime and a small stream of tailings to 
the mil) water supoly, so that the impurities are orecipitated as gelatinous 
salts which are buried by the slime and sand of the tailings. To overcome the 
effect of soluble salts in the ore and obtain the desired alkalinity for flo 
tation, more lime is added at the rod mill.” 


Mac Donal d®?. cites an instarice where "dry lime is fed mechanically 
onto the ore conveyors .. . to the primary mills." 


McDermia®2 in a recent article discusses the new practice at the 
Miami Cooper concentrator where they 


. . . « « emulsify the lime first and then pump it to the mill 
pond, where the insoluble material would have a chance to settle 
out. 


Regarding the removal of the precipitated amare tees he writes: 


ee After some experimenting a dragline scraper was built 
which successfully removes the sludge from the bottom of the pond. 


Comienting on oe practice in the Tri- State District, ‘Anderson writes: 


In the Tri-State District lime (hydrated) is added for its bene- 
ficial effect on flotation results at anyone of a number of places in 
the mill. Often it is added to the ball mitl feed, sometimes to the 
waters going to the Dorr thickener, sometimes to the pulpy passing to 
the head flotation circuit; occasionally it is added to the settling 
pond or to the mill pum, well; or lake. ‘The general practice seems 
to be to add it at some place in the mill where it will have time to 
act and exert its effect before the pulp reaches the flotation ma— 
chines. Several methods of adding lime are in usej adding by hand 
is practiced often, and adding by means of several homemade devices 
is quite prevalent. Most of these feeders are some form of hoppor- 
like boxes in the bottom of which is a worm screw or some simple agi- 
tating device for causing the lime to flow. Recently one mill in- 
stalled a continuous belt feeder which has proved very satisfactory. 
Very often lime is not required continuously, hence it is added one 
week and not the next. Lime is added usually as. the hydrate. 


Lime is not used much in the lead belt of southeast Missouri. If 
thickening capacity is limited, a little lime is used to aid settling, but 
caution is required lest the lime ‘retard the flotation of lead. In the dif- 
ferential lead-zinc plants of the district, hydrated lime is used at the head 
of the zinc circuit to depress the iron. The price paid for hydrated lime is 
$9.40 per ton. 

o8 - Tye, A. T., Differential Flotation of Conper at Cananea: ‘Eng. and iin. 
Jour., vol. 121, Apr. 10, 1926, pp. 597-602. 

59 —- MacDonald, Wm. T., Selective Flotation at Nacozari: Eng. and Min. Jovur., 
vol. 118, Sept. 20, 1924, pp. 445-454. 

60 - McDermid, A. J., Liming Mill Water: Eng. and Min. Jour., vol. 130, Oct. 
9, 1930, vo. 341. 
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a a ‘Lime_ as a Purifier: 


The waters encountered in milling and Hecctios overations are often 


highly. contaminated with. Boluble metallic salts and must receive special tr 
ment to make them fit for ‘flotation. An unusually complex water problem was 
encountered at Cananea (Mexico). The difficulties encountered and the’ method 
of overcoming them are given in the article by Tye. SL 


having seen it made alkaline with lime. At first a light yellowish 
_ flocculent precipitate develops as a small amount of lime is stirred 

_in. . Then, .as the final amount of the required lime is added, the 

whole mass of water takes on a deep bluish~black color and the con- 


61 ~ 
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“Differential flotation of. a copper: ore: ‘containing eves amounts 


of pyrite offers, no unusual difficulties when the ore is unoxidized 


and when fresh water is available. At Cananea, however, several cle- 
ments unit to interfere with the process, and therefore’ the following 
account will deal principally with these musual features. =o give in 
detail the methods used in, overcoming: them | Te a oes. 


‘the following analyses ‘show the ‘ef fect of lime on the treatment 
of dam water, a sample of which was made alkaline by the addition of 
lime, using phenophthalein as indicator: oe see 


Dam. Water Analyses in reas Per Million 


| Alkalinity 
Ferrous Ferric  . CaQ Sog Cu (Cad) 
Dam water 400 .. 200 . 470 2,270 28. (Neutral to 
a a (phenol- - 
Same, treated (phthal- 
oe filtered... Tre. soak, si a Ge bes 420 | 2, 106 +17 (ein 


“The precipitate gave the following analysis in per cent: Fe, 20; 


sé 5.8; Mn, 11.0; Cu, 16.5; CaQ, 3.4; Si03, 3.2; and Alp03, 3.0. 


"One can appreciate better ‘the. ‘real nature of this water after 


sistency of the. water: ‘gporoaches that of thin soup. The manganese 
salt is the last to settle out, as a pink precipitate. 
floecules settle, oe a clear ace 6 analysis shown above 


o e's ce © © © p 0 @ 


- By the’ last of April. everything was ‘ready to try the process in 
the concentrator... For the first month and a half, the results were 
quite poor, owing to the impure water. The tailing dam from which 
the water was drewn was. filled-with the impure water and the supply 
was augmented by the mine-water, which was equally. bad. ‘he water 
was neutralized with lime before being used, but it still contained 


the precipitated iron salts, and no acceptable results could be ob- 
: tained. This trouble. vas partly overcome by utilizing all the extra 


Dorr tanks, of which there were several» settle out these precipi- 
tated salts. | oe 


ES ae = 


Tye, A. T., Work cited. 
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The water for the dam was lime-treated, mixed with tailing, 
sent to the tanks, and the clear overflow of the latter repumped 
for mill water. .This cut the concentrator tonnage in half, as suf- 
ficient water could not be supplied. Therefore, means were pro- 

_ vided to add excess lime to the tailing going to. the dam’ to: ‘purify 
all the water in storage, as, it was realized that in this .way only © 
could the process be applied successfully. This consumed consider- 

able time, and it was June 16 before all the storage water was pur- 

. dfled. . Since then it has been necessary to use sufficient lime to 
. Becure the desired alkalinity. for flotation and also to purify the 

a. makeup water which comes from the mines. ‘This, latter is treated 
before it enters the tailing pond. ede oe 

In the meantime, the worst. mine water was being segregated © 
and discharged outside the drainage area. The change made in the 
 eomposition of the great tulk of water in the tailing pond is shown 

_in the following analyses: : 


Dam Water, Parts per Million © 


Tate. ‘Ferrous Ferric Mn CaQ Cu SO, Allmlinity Acidity 
Feb. 12, 1924 600 120 50 420 422,559 wil 40 


June 16, 1924 Wil Nil Wil 1,260 Nil 1,749 SOMO -- 
39 >.P. 


ae When passing the concentrator, howevek: milk of 
_ Lime is run into the arroyo water until it shows distinct alkalinity. 
' Crushed lime is fed into.a small ball mili, and a minimum amount of 
water added while grinding ‘so that considerable heat is generated in 
the mill, the lime does not get ‘drowned,' and the majority goes into 
solution. This is run into the middle of the stream of water to be 
treated, and at the same time a emall stream of tailing ig also dis- 
charged with the lime, so that the gelatinous salts are precipitated 
and the slime and sand of the tailings bury them. -At a point below 
’ where the lime is added to the arroyo water, a sample is taken every 
hour and titrated to be certain that a ‘lime has been added. 


To overcome the effect of soluble salts: in ae ore (and to se- 
cure the desired alkalinity for flotation), lime -is added to the rod 
mills, the discharge from these being tested every hour. Flotation 
feed is titrated for alkalinity hourly... . . The lime used is 
burned locally by the company and costs ‘$6. SO per ton» Goo@t ec ie: vet tes oe 


‘Best results are with an alkalinity in the flotation feed a 
to about 0.55 lb. of Cad per ton of water . ae ae ae ee | 


_ Flotation reagents used are potassium xanthate, steam-distilled 
pine oil, and lime, the average ‘pounds pee ton being 0.09 xanthate, 


62 — Gaudin, A. M., Sontrol of Flotation; Eng. and Min. caren ‘vol. 125, Mar. 
10, 1928, p. 418. 
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0.23 pine oil, and 9 to 11 lime. ‘he lime includes that used in * ” 
treating the mine water and varies cones dere bly from month to. 

mohth, depending’ ‘on: tthe: purity of the water’ ‘and’ character: of ‘the 

ore. In extreme cases it has averaged 12.5 1b. ‘for A month io. 0 


e ® e@ a e e e ree rere 
+ z e 5 eo vee ' . . . 
e “ ia 1 * io) se » ose eo. . ~ «6 <2, CS on se ea nef, ? ve 


bate ge Gage Peake 
“yan1 waters: vary widely in eupeeieien From, time’ té time; ‘And are 
one of the’ most pertinent: factors affecting the’ contin ty oF flotat on 1 re- 
sults. Concerning al subject,” “GaudinS®: dea auad Me ep ae 
oe ee Yartationd’ in mild eaters ‘are: ce to: ESmewiae aiffer- ? 
ent causes, according as the mill is using: fresh: water or returned: 
circuit water. Where fresh water is used, the change in mineral 
“pnd” organic content’ is: one of" the Vig upsetting factors—-partitu- 
larly trae’in plates’ where climatie’ conditions affect: the amount of °° - 
water available, where periods of oxidation of the ground alternate 
with periods: of heavy ‘precipitation: | “when tihe Water-is used, vari- 
ations are also: likely, to. betur, as new aoc viens: oF the’ mine ure | 
opened Wd: -" RG cre meee eee ream t ae os : 


If the water is returned to the mill after idence circuit 
water is the domitant’tnere dient-—the:- water: ig usually more regu- 
lar in its mineral content than if fresh water only is used. On 
the other’ hané- extess rédgents tan build up rapidly under such: con- 
ditions, so'that accurate’ control’-of the amont of reagent is-still 
more erie ire ee ee re 


. F 2 
ease . . «=, 4 ee wee ae 
tice 


” venay63 sums up- the’ soluble’ nietal lic’ pelte generally present and 
their removal from contaminated’ water im’the” following: manner: 


The- most: common soluble metal salts. are: generally. ‘the. salts of 
the minerals; including’ sulphates: of zine, copper, aha iron;‘and” ” 
salts derived from the gangue;' suchas’ sulphates of calcium, «| 

_ aluminum, and magnesium. However, in flotation circuits, many 

“') Salts” often” théugnt of as’ “insoluble. enter.solution in extreme’ dilu- 

tion. The importance of even: the: weakest eélution of such salts © 
will be appreciated by remembering that many of our reagents—-notably 
the promo térs--aré extremely: effective’ even when: present ‘to. ‘the 
thousandth of a pound per ton of ore, whieh is equal to one part in 
ten million; or 10-7 (at. 20 per cent solids). At this: dilution many 
of the'so-called insoluble salts are in solution: in' sufficient con- 
centration to influence flotation conditions, so that a list of the - 
soluble Salts and also the reagents used to combat them wotld appear’ 
like an- abbreviated chemical dictionary.. The common polar’ ceo 
for’ destroying the toxic constituents of the ore are’ lime, soda - , 

- Beh oad ig eu! shakes cake —S aeaeegor 


y 


oi 


The simplest case of the removal * of soluble: Pre from’ solution by 
the. usea.of lime is.in the purification of. water for. ancustriel ‘purposes... sae 
(Ses, eae coed in Water Trea unent- oS ROR AGT Be tia 


~~ 


o Sad 


63 - Ta Nevin Hall, Soluble. Salts. ae: flotation: Reagents: Eng. and Min. 
Jour., vol. 128, Dec. 14;: 1929, Phe Beer nyene oer . ; . 


- 
a, 
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nieces pales of. the- ccetiaie of. water: for. amaetic: purposes 


and shows that zane piccepitetes lc matter: 


Vater for eieatie purposes may disc be aaniestea to a: aetion: 
ing process, but it is still more important to free it from organic 
matter and from harmful organisms. ‘Precipitation of the hydroxide 
of iron and aluminui tends ‘to carry. down the organic matter, and 
lime is used in this connection to neutralizé-acidity and effect 
precivitation. Lime itself may be eer crere ue ale alae the 
bulk of ‘the neeete: matter. 


Hahn®? > adds ‘the following Keeut ferrous: paris, and aluminut sul- 


phates and their pear sne upon CONPer Dah aad and ee none: 


ie eee ca ge eS influence of the salts of: Gon ead alwhi ium, 


| and methods for eliminating these effects in the flotation of copper 


ore have been. the subject of ‘ah investigation to ‘be pomersree: here 


- The uta dun eee are sais from the noes te. ‘obtained: 


Le: Posvous: ferric, ana ania walcbates aecivusly ‘aftect - 
copper recoveries, even when puenGee in peretiveny: small amourits - ~ 


<.- Burnt lime eliminates, to-a- faves extant. thie aevererieus 


effects of ferric and aluminum sulphates, but offsets - only a 


small extent the effect oF ferrous puLpnetes: : 

3. By adaine-s an oxidizing agent, such as oxygen, euler ties 
or chloride of lime, to the ore pulp in the presence of burnt lime, 
the effect of ferrous’ ge gaa can be almost completely. oper aenee 


naietony and ‘yunat 8. ‘say tho. following about: the use ot calcium sul- 


phate or the effect of it on ‘the Crees circuit: 


Calcium savpnate isa Soupouna which has been added to ores 
containing colloidal gangue, although its success has been somewhat 
erratic. It was once used in-one of the Broken Hill mills and its 
effect was that of an electrolyte. It is sparingly soluble, so 
that there can never be a high concentration of its ions in solu- 
tion and it is hence more or less equivalent to the tartrates in 
providing ions rather slowly, so that, supposedly, ‘the “flocculation 
of gangue-slime will not entrain particles oe the’ ceeeree mineral - 


Instead of acpnastelags the use of lime} ‘MokayS2 7 calle atterition to 


ferrous ausphateis as a nae cet ton SeReene 


64 - 


“te bec 
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Hahn, A. W., Obviating the Harmful Effects of Soluble Salts. in Flotation: 
Eng. and Min. Jour.,. vol.-123, Mar. le, 1927, p. 449. 

Ralstori, 0. C., and Yundt, L. De. Page 549 of work cited. 
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, Again, without intending to be bound by any one theory, I be-- 
iveve that in copver-iron separation, ferrous sulphate, generally | 
native in the ore, plays a part analogous or parallel to the action 
of zinc sulphate in lead-zinc flotation... As to the end reaction 
of excess ferrous sulphate with xanthate, mill experiment has not 

yet given data to show whether iron xanthate could be used in 
couper-iron flotation as zinc xanthate has been used in lead-zinc 
separations.. Apparently sulphated pyrite, which occurs in nearly 
all copper-iron or lead-zinc-iron flotation, does play a part in 
the. formation of ferrous or ferric sulpiiites, or cyanides of: 
ferrous or ferric iron, which act in iron depression. The prac- 
tice here, therefore, has naturally developed of using commercial 
coouperas or iron sulphate with the sodium sulphite or cyanide as 
a oyrite depressant, with results that have been highly gratify- 
ing, yielding again a higher-grade. concentrate, higher recovery, 
and smoother metallurgical performance. 


Another use of lime in flotation which is closely related to pre- 
cipitating soluble salts is its use in producing coagulation and settling of 
colloidal particles of slime and the "sweeping down" of suspensions of 
organic colloids. This action is a a cae one. Rickard and Ral- 
ston=— discuss the BubJecy as follows; 


A word mat be devoted to the use of lime as a flocculating 
agent... +. At first sight it would apvear improbable that 
lime could have a purely physical flocculating action, lime being ~ 
an alkali and the characteristic effect of small concentrations 
of alkali appearing to be. a deflocculation rather than the reverse. 
There is, nevertheless, a certain flocculating action exhibited by 
lime, even under laboratory conditions, and it appears that the hy- 
droxides of-calcium, and probably magnesium do not behave exactly 
like potassium and sodium hydroxides. It appears probable, also, 
that certain purely chemical factors enter as well and that the 
efficacy of lime as a clarifier is due in part to chemical reactions 
of the same sort as those that control, for instance, the action of 
aluminum salts in clarifying water. These clarifying actions apvar- 
ently depend upon the formation by chemical reaction of some floccu 
- lent precipitate that entangles and sweeps down suspended particles. 
Probably the occasional cases of clarification by organic colloids 
belong to the same class. 


Ralston and Yundt& add: 


Lime is not such a desirable addition-agent as the alkaline 
sodium compounds; and while it may cause desirable effects when 
added in small amounts, an excess is often harmful. Lime and most 
other calcium comoounds are usually flocculators of gangue-slime, 
rather than deflocculators as the alkaline sodium compounds are. 
This may exolain the difference between the two, although it has 


68 - Rickard, T. T. “hh. +, and Ralston, 0. C., Flotation: San Francisco, 1911, p. 320. 
69-~- Ralston, 0. C., and Yundt, L. De, Page 547 of work cited. 
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been hinted often that we know too little about the degree of floccu- 
lation ef the See eae during flotation... 


_ The settling effect: -of lime is mentioned by Weinig and Palmer: wa 


‘there are many er that. influence the settling Hates of 
finely ground ores. For instance, an ore that has been air dried 
settles more’ ravidly than one coming directly from the mine. 
Argillaceéous: ores have poor settling properties... Lime and 


xan thate promote settling, while ‘soda ash and sodium sulphite re- 
_ tard ita | 


Thus Lime opti a mal ciple role as-a ee It may be used to 
remove most of the impurities in water: Through chemical, action it brings 
about the precipitation of the salts that cause temoorary hardness and also 
precipitates many of the metallic compounds, Through: physical. action it 
facilitates the settling of suspensions and stl in. the - ake: of organic 
matter. ee be 


Pee, ea he BOR ALKALINITY. 


The eS denewete: of alkaline ‘Notation. cients allow the use of an 
excess of lime in the purification of mill water. ‘That which remains is 
active in A onttons alkalinity and becomes an important flotation ‘reagent. 
Henderson-= mentions: eae Use. .of excess ae on eeoeyece as follows: — 


ee ar er oe ee A pert of. the’ Lime’ which. goes “into solution 
is consumed in neutralizing the temporary. herdness of the water 
used in making the pulp; more of the lime: is. consumed in neutral- 
izing such acidtty ‘as. there may be in the ore,. and the balance 
creates the. prceerery: alkaline condition in the circuit. | 


Farlier: in the: same article Henderson aie 


Xanthate will give good results in acid ircult. but it seems 
more satisfactory in alkaline circuit, and the advantages of flota- 
tion in alkaline rather than acid circuit are usually such as to 
make the alkaline circuit. preferable, even though the metallurgical 
results in both are the same. 


Alkalinity < can be beet secured with the ala of. Aine... as is 


done in cyaniding, tke quantity required varying in practically 
every instance . . 2. 2 2 © © © 


“The fact that the. es teehee pean mabiees = alkalinity con- 
trol important. ar 


It is ite evident. that the calcium ion and the nyivoxyl ion both 
play & part in flotation, : eee the action of both is. subject to uncertainty. 
2vein says :—= 


70 - - Weinig, Be Jee ry, and aa Tr. A., Page 43 of work cited. 
71 - Henderson, Cc. T., Page 1016 of work cited. 
72 —- Stein, S. E., Page 489 of work cited.) - 
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$5 a6 GS, Gi sane Coss eg ee necessary. to ‘enon, a great deal more 
about the action and effects of the. calcium, ion;. and this may prove 
a difficult problem. With respect to, the hydroxyl ion it..is proba- 
ble. that exverimentation with various. reagents used in flotation 
under careful pH control will ney ee eae in important advances 
in our knowledge.- . ¢ fk eee Te 
Stein, gavin: in the same article, cites: tro. inatanees of the con- 
trol of alkalinity. ct ee 


One plant treating.a fairly clean.sulohide,ore, as indicated by 
its low burnt- lime consumption. of l. 5. lb. ner. ton of cre, used a 
standard of alkalinity: for the. flotation heading water equivalent to 
0.20 1b. calcium oxide-per ton ore {at 20 per.cent. solids). Marked- 
ly bad effects were noted.when this quantity fell below 0.10 lb. 
CaO, but the facts are uncertain as.to tha intermediate range. 
samples were taken at half-hour intervals. 


Another siaat. foeing. a Ans aoa ee of aputex imately 5 1b. 
per ton of ore, used a standard equivalent to 0.10 lb. Cad per ton 
of ore, at 20 per -cent solids. -Titrations were. made at 15-min. inter- 

‘vals. The bad effects were -vistble to.the operator when. the -alkal in- 
ity declined to 0,07 1b. CaQ,. and the appearance. of a couple of 
'0.05's!, and gay, one .0. 0Q.' on ‘the titration record sheet was an 
infallible sign that the corresponding assay sheet would indicate in- 
ferior metallurgical results. - The effects of. 'overliming! certainly 
were not visible to the. operator. until an. alkalinity of 0.15 to 0.17 
lb. CaO was reachad, and inferior. matallurey. resulted.with certainty 
only when a cone Laer auhy pete nee was reached . « « « e 


Among the various ores drcatea at one " company '2 ‘plant theese 
would occasionally be received one which laboratory tests indicated 
was amenable to flotation treatment, with approximately equal re- 

sults, by the use of either lLime,. or sulphuric. acid, or in a. 'neutral' 
circnit. But the rule was that either alxaline or acid circuit, each 
with its special accompanying. reagents, was required to produce the 
best obtainable metallurgy. The ‘neutral! circuit would show mater- 
ial losses in the tailing. There is, of course, the possibility of 
existence of a suitable reagent for the 'neutral' circuit, but this 
was not discovered. 


The control of alkalinity. presupposes an.accurate method of quanti- 
tative determination. “henonvhthalein, the indicator frequently used in. 
cyanidation and flotation, is not sensitive toward low alkalinities, . Its 
change in color occurs only when the solution is well on the alkaline side 
(py 8.5), and the fact that it is colorless in pulns more acid makes it use- 
less near the neutral point. It is interesting at this noint to give the 
discussion of Thomas, Christmann, and Gifford’ on the difference between hy- 
drogen ion concentration and acidity as expressed in normality: 7 


——— 


73 - Thomas, Christmann, and Gifford, Pages 2 and 3 of work cited.’ ~ ~ 
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It is necessary to distinguish between the hydrogen ion concen- 
tration of a’ solution and its: acidity as exoressed in normality. 
A liter of normal acetic acid will, of course, neutralize the same 
amount of alkali as a liter of normal hydrochloric acid, but the hydro- 
gen ion concentration in the latter solution is much greater than in 
the former. This is the reason for many of the differences in the 
properties of acetic and hydrochloric acids and is what is usually 
meant by the statement that hydrochloric acid is ‘stronger' than acetic 
acid. fhe hydrogen ion concentration is, therefore, a measure of what 
might be termed the ‘active acidity' of a solution rather than of the 
total acre eeneer eron: 


o « « It is obvious that the oH of a solution cannot be determined 
by titration, for thie would show the total acid or alkali available 
for neutralization, which, as we have seen, is not a measure of the 
hydrogen ion concentration. -Furthermore, the introduction of acid or 
alkali into a solution would immediately change Bi PH value and there- 
by destroy the thing to be determined. 


Regarding the function of lime alkalinity, MacDonala/+ says the fol- 


. . « Lime assumes the Sanoeant function of protecting 
xanthate by. impeding its precipitation by soluble -iron, though happily 
permitting the corresponding reaction with soluble copper. Sodium 
sulphide, or even an excess of sodium xanthate itself, might well 
serve some functions of lime, except as the wastage of these more ex- 
pensive reagents bv soluble iron might be intolerable. The discrim- 


inating precipitation of the latter is desirable. Ina lime circuit, 


the relatively low solubility of calcium xanthate may be a disadvantage. 


Thomas and his associates22 add the following remarks concerning 


the use of aerofloat in a pulp pontesntne high lime alkalinity: 


74 — 


. . When used in solutions of high lime alkalinity, Aero- 
float has. occasionally given erratic results and this fact has led us 
to investigate the effect of alkalinity upon flotation, with particu 
lar reference to flotation in solutions whose reactions are very near 
the neutral point. ..... 


Steinl® adds: 


. « « « One large company that found it profitable to adovt 
pH control as a guide to flotation overations discovered that the cor- 
rect value when using one reagent was not the best value when using 
another. Thus when it discontinued the use of the lime-xanthate cir- 
cuit in which the correct »H value was approximately 10, it was found 
that the lime-aerofloat circuit, subsequently introduced, operated to 
best advantage when the pH was 8. 3. 


—_ 


MacDonald, t™. | 4 + g§glestive Flotation: Sng. and Min. Jour., vol. 126, 


79 = 


Oct. 27, 1928, p. 
Tnomas, Christmann, and Gifford, Page 1 of work cited. 


76 ~ Stein, S. E., Page 489 of work cited. 
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Thomas and his co-authors/~ think that lime is not needed when cyanide 
a8 Vaee = a eopressents 
. nt. way be mentioned ie ee that the depressor. effect of cyanide 
hes eimest always’ brought out. to the: best advantage by working in solu- 
tions mach on the acid side of phonolphthalein, The, use of an alkali 
to ‘protect the cyanide, following the precedent of. ordinary cyanida- 
tion, “¥s not only unnecessary but is ecuuery. detrimental to the effect 
of cyanide as an iron SERED EBON: ee ah ee 


steinZ2 writes of the effect of. over end underlining: 


7 With - Gabace: to” “the snipe ative deleterious effaqte. of | 'under1im- 
ing" and 'overliming',a.more thorough investigation as ‘well ag the 
collection of’ available data from- diverse sources. is needed. | For 
What it may be rorth, I am herewith setting forth my vresent impression 

on this subject.” It ts probable. that. the. theoretically best degree of 
alkalinity varies for each mine, and consequently algo varies with 
ores originating at different points in the same mine. ‘The necessity 
of constant experiment is indicated. . 


In starting operation with lime it would be wise to set the stand- 
. ard point of alkalinity sufficiently far in advance of neutrality-- 
‘consistent: with ‘the avoidance of excessive overliming--to reduce the 
' Yectrrence of’ complete loss of alkalinity to a minimum. 'tnderliming', 
| especially when it results in.complete loss. of alkalinity, | is marke dly 
“harmful to metallurgical results. The froth livens up, becoming de- 
creasingly selective in appearance as the alkalinity. diminishes. If 
_the condition is not remedied by speedy lime additions, the froth will 
'run away’ in spite of attempts at. correotion.by reducing the quantity 
of the frothing agent. This naturally affects both the | concentrate 
_ and the tailing. 


'Overl iming' has: the’ reverse Vendsacy antees carried excessively 
far, whén a condition. in outward appearance something similar to 
_ ‘under iming" Will take place... The first .'overliming' slows the 
froth down slightly, and thus. has. a. tendency to clean uw the concen- 
trate with slight loss in the tailing. This moderate ‘overlimning', 
however, is not usually harmful, as it.is easily corrected. The 
corresponding degree of 'underliming' usually would show a definite 
loss in tailing for the shift. However, at one plant which treats a 
variable ore, I have noted on three separate occasions the loss of a 
7 considerable quantity of. the standard alkalinity,. without a manifesta- 
* tion of the bad pander! tuine® effects as described. . . ; 


ke | ‘Thomas, Christmann, and Gifford write of the ericaie: of lime gener- 
ally used and the effects: © °° re 


ae - Panonne: “Chriatmann, ana na Gifford, Page 6 of more meeens ; 
78 - Stein, S. EB’, Page 488 of work cired, © - - a we 
,?9 -. Thomas, Christmann, and Gifford, Rca a of work cited. 
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. » « The amount of lime saatesa is ‘generally in excesa 
of that required to neutralize the true acidity of the ore and the 
resulting circuit is usually strongly alkaline toward phenolphthalein. 
These high alkalinities. require the use of large amounts of lime, so 
that the cost of lime is frequently larger than that of the other 
reagents combined. As a reason for these high lime additions, the 
depressant action of lime upon flotation of pyrite is frequently 
cited. While it is undeniable that lime does inhibit the ‘flotation 
of vyrite, the depressant action is not svecific to pyrite and the 
advantage gained in this direction may easily be lost in others. 

Thus high lime alkalinity has been found detrimental to the flotation 
of chalcocite; it has also been found to cause irregularities in the 
behavior of the flotation reagents, notably of frothers. 


The neutralizing ana dep eucine effect which lime exhibits is proba- 
bly the chief reason for its use as a flotation reagent. 


SINE AS A DEPRESSOR 


oy: Comments on Depression 
There ‘are two cnaehieg to account for the depressing action of lime: 
3 (1), he slime theory, and (2) the theory involving preferential deposition of 
a@ compound formed by the added agent and some constituent of the ore pulo 
other than the mineral upon which the salt is deposited eceleie carbonate 
theory of Gates and Jacobsen). 82 


The effect of lime in the slime theory. is discussed by Taggart, 
Taylor, and Ince. 2+ 


The presence of certain edlubie inorganic compounds causes amaz- 
ing differences in the behavior of the gangue slimes.. Thus lime in 
the proportion of 500 mg. per 1. (equivalent to about 4.0 lbs. per 
ton of ore in the usual pulp) substantially prevents deposition of 
Anaconda slime 6n galena... . . The same is true with chalcopyrite 
although this latter mineral, like galena, is heavily coated in the 
absence of lime... . . On the other hand, when line is adijed toa 
quart eset ime ae Beer on the sulphides is markedlv enhanced 


While ve is the eenant whose effects have been picaie®: addi- 
tional experiments have proved that it may be taken as typical of 
the other inorganic reagents that. have been used in ordinary collec- 
tive flotation. Sodium carbonate, sodium bicarbonate, sodium hydrox- 
ide, potassium tartrate,. sulphuric acid, alum, barium chloride, etc., 


80 — Gates, J. P., and Jacobsen, L. K., Some Flotation Fundamentals. and their 
Sotential Application: Bull. of Uniy. of. Diels vol. 16, No. 4, (Avg. 1925, 
p. 38. | 

81 - Taggart, A. F., Taylor, r. C. | and Ince, ©. R., Experiments with Flotation 
Reagents: Am. Inst. Min. and Met. Eng., ae “Dubs 204, Class Bs Milling 
and Concentration, No. 17, New York, Mar. 1929, pp. 45-9 
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have on found to have similar ‘effects; differing with ‘particular 
eae cas and paneue pReeeny : . 


ed ’ a 
‘ od. 


ee ee we ee we ww wh wt Addi tion ‘to the eee ‘pulp 
of cyanide and zinc sulphate (the bicarbonate was independently 
vroved to be not effective alone) prevented any considerable slime 
deposition on galena.... . . without materially changing that 
on the sphalerite .«'.:. . .:.. Pyrite aleo hae a fairly heavy coat- 
ing... .. in the presence of these reagents. Under relatively 
weak flotation conditions. galene might be: ‘exvected to float away 
from blende and pyrite in this: vulp.: “Subsequent addition of more 3 
oil. together with copner sulphaté caused little change in the © 
blende coating... . . . althoveh' visual inspection indicates a 
slight reduction, but it does cause a marked increase in the coat- 
ings on galena..... . and pyrite . i s:é Herice flotation condi- 
tions can be intensified sufficiently to float the blende without 
tee saa cones tore? gcems of galene and pyrite, | i | 


”~ 


Cr ae | 


like that obtained from a sulpnide film ee but the method of 


formation is of SoHT eS: ip oe and | Jacobsent2 explain this’ as fol- 


lows: 


e2 = 
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tthe. apiece: of aaaperen veassatan — as lime and copper scicnats 
on the. floative properties of galéha, ° ‘sphalerite, ‘and pyrite, suggested 
the possibility of surface coatings "or precipitates being | deposited, on 
the surfaces of the minerals. .Thé reflecting microscope was . ‘freely | 
used to determine the extent to which the surfaces of the different 
minerals had been affected by the treatment received, and proved to be 
of great aid in substentiating the existence of surface ‘coatings. The 
coating produced by lime has a depressive effect on the three sulphides, 
and that produced by coover sulphate en. accelerative effect on the flo- 
tation of sphalerite and nyrite.: Photo-micrographs actually revealed. 
superficial COB ANES, Hepeen ted: on the ge surfaces. re ee 


"the eyistenee of siberfucial sears. was clearly shown both by 
the microscope and by photo-micrographs; laboratory. experiments indi- 
cate decided differences in the béhavior of ‘coated and uncoated nin- 
erals in-the flotation cell It rendined to determirie, if possible, 
the chemical nature and ceuse-"6f these precipitates or coatings. Two 
typical cases were taken for this ourpose, and were carefully studied. 
Qne was the coating vresent on gatena after treatment in ‘a ‘circuit 
made alkaline by lime, and the otiert was thét ‘formed upon sphalerite 
in a circuit to which eerper sulphate ped ceen ag ae 


In the lime circuit the amount. of Lime never excéeded three 
vounds ver ton of ore, or a concentration of 0.037 ver cent lime in 
the water. The maximum solubility of lime in water at room temoera- 
ture is 0.13 per cent, the concentration, then, never exceéded the 
solubility of lime in water. If all the lime vere in soluble. form 


Gates, J. F., and Jacobsen, L. K., Page 51 of work cited. 
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it is evident that. since there were no other reagents present, there 
must have been a reaction hetween the solute and other substance: A 
plausible explanation is that a reaction took place between the dis- 
solved lime and the carbon dioxide content of the air beaten into the 
pulp during the Berta period. . 


cad + %g0 = Ca(OH)o - QQ) 
Ca(OH) 2 + C05 = CaCO, + Hp0 (2). 


Calcium carbonate is practically insoluble in vater that contains no 
carbon dioxide. It is probable that this insoluble precipitate, 
which is deposited on the galena and which so alters its behavior in 
the flotation cell, is calcium carbonate. 


(B). Depression of Pyrite and Blende 


Just how lime functions in flotation may be anaes but the fact 
that it does function is well ea radl Tene ds Lord and Snyder— discuss the use 
of lime as follows: 


oe © © © e e Jt may be used to neutralize acid salts present 
in ores or water. It is frequently an aid in clearing the froth 
of gangue for which vourpose it may be best to add it in the clean- 
ing operation. Lime is a strong devressant of pyrite and finds ex- 
tensive employment for this purpose in the treatment of cooper ores. 
Lime is used with zinc ores to retard pyrite, sometimes being added 
in the cleaner machines. Unless added in small amounts it depressed 
lead sulphide. 

According to Weinig and Palmer : & 

Alkalis are used also as inhibiting or retarding agents, to pre- 
vent the flotation of some of the less easily floatable sulphide min- 
erals, such as pyrite and sphalerite. The effect is due, presumably, 
to the formation of films of basic salts uvon the mineral particles. 


After stating that lime could be replaced by caustic soda and caus- 
tic potash, but because of its much lower cost and greater availability it is 
the most used alkaline reagent, Weinig and Palmer82 continue in the same 
article: 


o « « « » » Lime is extensively used by copper concentrating 
mills to prevent the flotation of pyrite . . . « e 


Flotation reagents may be classified.on various bases. Probably the 
most common and sienificant basis, however, is that of the apparent or suppose 


i ES -= 


83 - Lord, Rovart, and Snyder, B. M.. Notes on the flotation pr Process: “Bull. 0 
couthwes orn Eng. Corp., Los Angeles, Calif., June, 1929, p. 18. 

84 - Weivig, A. J., and Palmer, I. A., Page 22 of work cited. 

85 - Weinig, A. J., and Palmer, I. A.. Page 22 of work cited. 
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function in flotation, as frothers, collectors, depressants, etc. The classi-. 
fication is not "hard and fast" tecause a substance that one operator uses and 
classes as a frother may bé used by ancther us a‘collector; still another nay 
use it for the combined effect.' According to Boeeer ee wrere are ‘two essential 
al in flotation. © * = or - 


(a) the ar i irescoraant igs of solid werticies and 
"1% b) the amount: and’ chéracter of froth. 


“The things that flotation agents do to affect and control these 
two’ fundamental phenomena may be grovped into five general classes; 
the groups of agents, nemrsd according to their functions, are; (1) 
Frothing agents; (2) Collecting Agents; (3) Se Agents; (4) . 
Dispersion peente, (5) Conserving Azents. 


“Lime plays. @ part in the last three groups as pointed out by Taggart: ,o? 


| Dispersion Beene are. substances added to i an ore pulp. which. effect 
the state of dispersion of the gangue particles and at the: same time 
‘change the extent to wnich these’ particles adsorb at sulviide-particle 
surfaces ... . . Common dispersion agents are sulphuric acid, lime,. 
copper sulvhate, soda ash, See soda, and pone silicate — oe eo 
Depressing agents is the name given to: Siete asee that are used 

to lessen the floatability of one or more of the minerals of the ordi- 
narily-floatable class in a mixture of such minerals, oe. g., to de- 
press svhaleritte when it occurs’ with galena, or pyrite when associated 
with chalcopyrite, and thus make it‘possible to float the galena and 
chalcopyrite resvectively in concentrates ae a free of sphaleri te 
or pyrite ore ee ig: te: oe = & te, Pe 

| The azenta’ of this class do not‘all act in the same way. “Most of 
them fall also in the ‘dispersion-agent class; a few react chemically 
with sone sultiides and not’ with others; and:there is some evidence of 
a third type of action involving preferential deposition of a compound 
formed by the added agent and some constituent of -the ore ove other 
than’ the mineral “upon’ ‘which ‘the nate Geposits..© = ori tie 


' Depressing agents that’. ‘ane ‘glo AiaeeriGa acents ineincs Lime,- 
‘sulphuric acid, ‘sodium -tarbénate, sodium oicdrbonate, sodium silicate, 
alkaline cyanide, zin¢’ sulphate, coover sulphate, a!um (votassium),. 
and like inorganic substances, Their action is to effect differential 
| adsorption of gangue at the sarees man Pacer 
; Continuing, taggert 8 saye!: ges - van 

Conserving. esente are: aubebanéed addéd: to ene Sales: a ‘protect: 

the other flotation agents from attack by substances.present in -the 


, sh | 
86 - Tagzart, Arthur F., Pages 841, &44, and 845 of work cited..." 2. wsi. 
87 —~ Tagzart, Arthur F., Page 844 of work cited. es 

68 - Tageart, Arthur F., Page 846 of work citéd. - ce ee ee 


o799 - 47 - 


Google 


TC. 6423 9 = & Pet oe 


- ore vulp.. They are of no particular chemical character and may, in 
other pulps play some other vart in the flotation operation. ....-. 
Lime used with ores containing free acid, when an.alkaline xanthate. 
is used as a collecting agent, a in pant at aeee ts acting as a con- 
serving agent. | ee : 2 


eeneeer shows that lime was used early in selective flotation: 


att Lime ~ | this reagent was one of the first to be used in flotation. 
It requires a time contact with the ore and, if possible, should be 
added. in the grinding mills. It is used to overcome the deleterious 
effect of soluble salts which are frequently present. in ores, but its 
principal use is as a depressant for iron sulphides in the selective 
separation of lead and zinc, copper and zinc, and copper and iron sul- 
phides. It also has a marked depressing action on zinc sulphides in 
their separation from lead and copper. If added in too large amounts 
it will also prevent the lead from floating. chalcopyrite will float 
in a strongly alkaline pulp, but chalcocite and some of the other cop- 
per minerals are affected by the least excess. Therefore, lime should 

- not be used in their Flotation. ais Sr ee ee 


#arther on in his article Parsons22. has the “following to say regard- 
ing the use of lime in the flotation of ores a eeeed lead, eine and iron 
evrEnreor 


: In peveral: the selective separation of Need and sine is. “obtained 
by the addition to the ore pulp of some reagent that will temporarily 
deaden the floating proverties of the zinc, thus permitting the recov- 
ery of a high-grade lead concentrate. The separations are made more 
difficult by the presence of large amounts of iron sulphides, both 
pyrite and pyrrhotite, and then some reagent must be used which will 
permanently deaden these two sulphides so that they will not float 
vith either the lead or zinc. The only reagents used which perform 
both these functions are sodium cyanide, sodium sulphite and sodium 
thiosulphate, but the following have been used with some success in 
temmorarily deadening the zinc, zinc sulphate, sodium acid phosphate, 

:and.sgdium hydrosulphite. The action of zinc sulphate is much more 

. effective when used with sodium cyanide, the two being mixed. . « «> 
as: they. enter the flotation pulp. These reagents when used separately 
ms ‘Seen to have no effect in preventing tthe iron sulphides from floating. 


These modifying reagents are ad in an alkaline pulp, with either 
soda ash or lime. Lime has a permanent deadening effect on pyrite and 
pyrrhotite, and also affects galena in the same way but to a lesser de- 
gree . . . By the use of copper sulphate, the action of these modifying 

reagents is destroyed, and the flotative i a of the zinc miner- 
als are revived re 


ee 

89 - Parsons, C. S., Selective ExOretsee Eng. and Rene oeuee vol. 123, May ™ y 
1927, p. 758. 

90 - Parsons, C. S., Page 759 of work cited. 
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Weinig and Malnerzl add the rolloving coiucerning the vse of lime in 


the lead-zine senaration: 


- « If mresert in Jarre cuantities, lime practically 
inhibits the flotation of a’l sulphide rinerats. For this reason 
lime is not used in Jead—-zir.c severations where the mill water is 
used over azain. The line that is addsd to inhibit the flotation 
of pyrite in the zinc-iron sevaration would interfere with the flo- 
tation of galena in the head of the circuit. In such cases sodium 
carbonate is used to produce the alkalinity, because this reagent 
does not seriously hinder the flotation of tha lead mineral .... 


Robiez& also writes of the use of lime in the lead-zinc circuit: 


Fresh water is used in tne mill circuit, as the reagents used 
in floating the zinc wake tiie water from the settling nonis un- 
adaptatle for lead flotation. Soda ash is used instead of lime, 
because it does not raise so much iron, and the pyrite is very 
readily floated when finely ground. Caustic soda gives too stiff 
and heavy a froth. .... » 


Miamond=~ 23 writing on the same subject says: 


Soda ash is used in the three mills as a conditioning and alkaline 
reagent. Caustic soda and lime have been found unsuitable in our oper- 
ations, to date. The quantity of soda necessary for good work varies 
with the character of the ore being treated, our range being from l 
to 10 lbs. per ton. ‘The demand is usvally coastant with each ore. 
Tailing solution can generally be returned for soda and heat ssving, 
together with thickener overflows and filtrates, into the circuit 
without noticeable fouling. 


Parsons: in writing about the separation of Sa mixed chal- 


copyrites, sphalerite, and iron sulphides says: 


Weinig, A. J., and Paimer, I. A., The Trend of Flotation: Quart. Colorado 


“his type of ore probably presents the most difficult of all 
selective flotation problems. The use of cyanide temverarily to 
dezden the zinc and permanently to deaden the iron sulnhides seems 
essential. However, laboratory separations have been obtained by 
floating the covper in an alkaline pulp by the addition of lime. 
For the flotation of the zinc the copper tailing was dewatered to 
eliminate a part of the lime and the pulp then brought up to the 
required density by addition of fresh water. At this voint soda 
ash was added and the zinc floated in a soda ash pulp, covper sul- 
phate being used to help reactivate the Zinc.. 


Sche of Mines, vol. 24, No. 4, 2Cded., arr., 1988. 


Robie, Edward Hodzes, Selective Lead Zinc Flotation at Sunnyside: Eng. and 


Min. Jour., vol. 121, May 3, 1925, p. 760. 


Diamond, R. W., Flotation Reagents at the Sullivan Mill: Min. and Met., vol. 


8, Aug. , 1927, p. 355. 
Parsons, Ci 5. Dage 761 of work cited. 
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In the following statemsnt Johnson=-2 Giseezrces with Parsons on the 
action of lime as a depressant for sphalerite: 


Mr. Parsons speaks of lime as an ective deoressant of sphalerite. 
On Chief ores this does not apply; lime actually increased the float- 
ability of suhalerite if added in amounts up to 8 or 9 lbs. per ton 
of ore. [n practice the addition of lira, as the hvdrate, ranges 
fron 2 to 4 lbs. per ton; additions in excess of 4 lbs. per ton tend 
to coagulate the zangue to such an extent that a higa ‘insoluble’ con- 
tent apnvears in the zinc concentrate. « « « « « « © « « 


Footh:© adds the following comment to tiiis discussion: 


I believe that generally the use of lime has very little if any 
activating quality for the flotation of sphalerite. It is likely 
that when lime is used it sometimes give rise to the erroneous im- 
pression that sphalerite has been activated, whereas in reality the 
other minerals (vyrite in particular and possibly galena) have been 
depressed. I also find when using lime as a reagent in) ‘sphalerite 
flotation, aspocially large quantities of lime--and 8 or 9 lbs. per 
ton is a large quantity--that generally more copper sulphate is re- 


quired for the actual activating than when using soda ash or other 
BLKBVIGS: a se Se er we ae ee 


As regards the use of soda ash, I have tested a number of ores 
in which pyrite flotation was improved by its use. WJsually, however, 
its benefits are more apparent than real. It usually gives a better 
looking pyrite mineral froth, and occasionally the assays show a 
better recovery of iron. | 


In the testing of ores containing large quantities of pyrrhotite, 
I have found that copver sulphate has a decided activating effect on 
the pyrrhotite, especially if some means are not taken for depresetne 
the mineral previous to the addition of the copper sulphate. 


Another record of the use of lime in flotation is etven by 
Mac Donal de/: 


Selective flotation, in this sense, between chalcopyrite and 
pyrite, has been achieved in the mill of the Moctezusa Corper Co. at 
Nacozari, Sonora, Mexico, to the extent trat ove. 90 rer cent of the 
fron combined as pyrite in the original mill feed is now being re- 
Jected, whereas the percentaze of copper recovered remains almost at 
the high level obtained when but 25 per cent of the pyrite iron was 
being rejected . . 1... » © «6 « 


Dry lime is fed mechanically onto the ore conveyors see 

the fine-ore bins to the primary mills . « « © « » 

25 - Johnson, Homar L., The Action. of Certain Reagents in Selective “Flotation: 
ang. and Min. Jour., vol. 123, June 4, 1927, p. 931. 

96 - Booth, Lionel &., Effects of Bichromate in Flotation at the Sullivan Mill: 
jWng. and Min. Jour., vol. l24, July 23, 1927, p. 141. 

97 - MacDonald, Wo. T., Pages 445-454 of work cited. 
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Rest flotation results are, obtained when the tailing pulp shows 
a lime content equivalent to 0.15 to 0.35 lbs. of calcium oxide per 
ton of clear solution, depending somewhat upon the’ quality of the 
lime used. When the alkalinity falls below this minimun, high flo- 
tation tailing usually ensues, whereas an unduly high alkalinity 
changes the character of the froth unfavorably and involves & waste 
of reagent. - |. a 

When .@ good quality. of lime is available, the consumption aver- 
ages from 5 to 6 lbs. per ton of flotation feed’. ee 


The funetions | of ime in flotation. ‘includes the neutralizing of 
natural acids, ‘precipitation of possibly detrimental soluble salts, © 
prevention of oxidation of the ‘sulphideés,. coagulation and de floccula- 
tion, and modification of physical properties of the electrolyte. : 


Locke28 writes ‘of the separation of lead, copper, and iron as follows: 


One section of the new Utah Apex mill handles ‘lead-copper-iron 
sulphides. The lead and copper are first floated together by the use 
of xanthate, thus eliminating the’ iron with the tailings.’ The lead- 
copper froth is next conditioned with 1 1b. lime and 0.5 1b. sodium 
sulphide per ton, thus deadening the copper and enabling the’ lead to 
be floated from it in the final separation step. 


Geiser’? mentiors the usé of lime in differential flotation and also 


the questionable advantage | of lime in a lead-zinc circuit: 


Lime is the most. importent alkaline reagent emoloyed in: ‘flotation 
today; it is generally cheap and abundant and as its positive action 
in depressing pyrite is becoming better understood, more plants are 
adopting it. ‘The rejection of barren pyrite in the concentration of 
copper ores by the use of lime and the T-T mixevure or xanthate has ue 
made profitable the treatment of lower grade ores and has enabled 
mines to keep operating which would otherwise be forced to discontinue 
during the present low price of copper. It is generally used on copper 
ores, but frequently. excellent results can be obtained on lead-zinc 
ores. The amount to use will vary in individual cases, but is gener- 
ally critical, probably | not over one pound per ton of solution being 
sufficient. . . .. 6; High alkalinity will depress galena, but has 
not so harmful an effect. on the sphalerite, though more xanthate will 
be needed. . ee. 


In the selective flotation of chalcopyrite and nickel minerals 
in the presence of pyrrhotite the essential requirements are. the | 
same as in eliminating pyrite--namely, »ulp made alkaline by lime or 
soda ash, and the new flotation agents. The pias ereey: | 
with more ease than. the nickel minerals. “ 


i 


Locke, Chas. &., “Flotation Dominates Gre- Dressing Progress: eure and Min. 


Jour., vol. 123, Jan. 22, 1927, p. 151. 
oa H. §., Flotation Reagents and Practice: Eng. ana Min. Jour. , vols, 
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Cor eee of Gold and ane Commer Neve’ Metallios 
In Soudention with the flotation of metallic eopaer Fahrenwal 4200 
says that proper alkalinity control is important and that lime: may be uaee 
although he advocates sodium dibasic PROePneve: es ate 
oe ec eo oe ow ew eo ew) 6 BONE ceaolen: tailings carrying as 
little as 0.06 per eon copper were Peony reer Ree 


Xanthate in a slichtly alkaline pulp in pee with a. 
variety of oils was the reagent combination used. Lime or sodium 
carbonate or sodium dibasic phosphate in small quantities ‘gave 
satisfactory alkalinity. Sodium dibasic phosphate: was the best’of . 
these substances; a given quantity was satisfactory, regardless of 
the mill from which the table-feed samples were taken. Lime or . 
soda ash called for closer regulation. The mill water was slightly 
less than DH = 7. and a pH of 7.5 to 8 was required. .... io 


Regarding gold ow silver ores von Bernewi tz204 anys in conclusion: 


eee 7 . fore interest is eine taken in the flotation of 
gold--and sil ver-~bearing. ores, and the scope of the process. is 
widening. | 


Substantiating this pintansas is a current press repor tl02 which 
shows how flotation is competing: with. Gyanteevecns, h Gottiee , 4 Leos 


McIntyre Porcupine Mines, secctia largest gold eroducex in the 
Porcupine district of Ontario, will build a 2000-ton flotation eee 
to meprace the present 1500-ton cyanidation mill .. oo. : 


The importance of lime in this new flotation is rsuent: sue by 
Parsons203 in discussing attzorentis* protatcon of complex ores = and 
without gold: | 


Successful sevaration of Supieapoeies from the iron. sulphides, 
both pyrrhotite and pyrite requires the solution of two problems. 
The first problem is to free the copper mineral from the iron... 
- e The second problem is to prevent the iron from floating with 
the copper. With chalcopyrite ore containing no gold this can gen- 
erally be done by maintaining a pul»y strongly alkaline with lime. 
Lime has a permanent deadening effect on pyrite and pyrrhotite and 
very high ratios of eonceuere con can be Be aence 


As a general rule, eepoer ores. sontaiaing gold Bieesent an en- 
tirely different vroblem, that of recovering the. gold in the copper 


100 - Fahrenwald, A. W., Xanthate and Pure Oil Float Native Copper in Amygda- 
loid Ores; Eng. and ‘fin. Jour., vol. 126; July 14, 1928, p. 59. 

101 - von Bernewitz, M. W., Flotation in the Treatment of Gold and Silver Ores: 
A Review: ing. and Min. Jour., vol. 124, Oct. 15, 1927, p. 657. 

102 ~ Engineering and Mining Journal, vol. 129, June 23, 1930, Pe 631. 

103 - Parsons, C. S. Page 760 of work cited. 
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concentrate. .. qa use of lime: to etasa the irch, : execpt in. rare. 
. instances, tends to.throw the greater’ part. of: the gold, with the 
iron tailing. Soda ash or caustic sdda is used because it‘has— 
not the detrimental effect on gold, but: unfortunately it does not — 
deaden the pyrite. Its effect is‘sufficiont to keep the pyrrho-: 
tite from floating, but pyrite floats readily. Soda disperses or 
deflocculates gangue slime, whereas lime coagulates it. However, 
soda ene Seems ne tend’ to : ponene te: oe si cea oe - 
“y ck S34 
Sodium éyanide: added to a pulp,;. ane alkalinity. of en is 
_ Maintained with soda ash, can be used permanently to deaden eae | 
least a part of the pyrite, but it also often has a modifying. -: 
effect on the chalcopyrite. The chalcopyrite can be reactivated | 
by the addition of a limited amount of copper sulphate. By the 
use of cyanide under these conditions'it is:often vossidle: to ob— 
tain a higher ratio of concentration’ ‘without. ECeeT Ne: the. recovery ° 
of gold. : noe To, ; 
Hp cee In sonneetien with what Parsons ‘Says ‘concerning the gold: in ftotation, 
"Thomas, ‘Chridtmann, and itor writer: _— | 


the third example is ‘an ore from Southwestern: United: erates 
assaying 1.874% covver and 14:84 iron.. The. ore: contains some metal- 
lic copper and the comparison of lime.and cyariide ia of special 
interest for this reason. It has-been observed ‘on: several occa- . 
sions that lime is a powerful depressant for metallics, whether 
gold or’ copper, ‘and: this is well brought out by the data’.:.:.°. . 
where the lowering ‘of the recovery caused by the use of lime ‘is 
' doubtless attributable, in pert at least. to satire ‘to: recover 
Metallic copver . . s. 6 e 6 es e : oe: . 


' To this;: von Bernewitzl95 cites a cade where: ‘Flotation in a high- 
eprerene cyantte solution’ was not a enccese: MRS BPE AS, Be 0% 


CONCLUS ION 


Thus, lime, which was one of the first chemicals to be used by man, 
is still one of the most important industrial reagents. Its use as a purifier 
in the treatment of water has been well established; and in milling it has 
served for many years in cyanidation and amalgamation. In the last five years 
it has become the most generally used flotation reagent. About 2.5 per cent 
of the nation's output is consumed by the flotation process alone. 


Since there are many varieties of lime and each has its advantages 
and disadvantages, the operator who has occasion to use it is confronted with 
the question of a choice. Such a choice must be guided by both technical and 
economic considerations. Consequently, no general recommendation is warranted, 
for what is good practice at one mill may be questionable elsewhere. 


104 - Thomas, Christmann, and Gifford, Page 6 of work cited. 
105 - von Bernewitz, M. W., Page 657 of work cited. 
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Limes vary greatly in composition and properties; but the multiplic- 
ity of its uses gives a field of application for practically every variety. — 
On the other hand, the types suitable fora particular operation may be very 
limited. There may be one. variety which is superior, but a less desirable 
lime may be chosen because of its cheapness...-An economic balance between. wae 
vantages and aiendventeces muat be ge cab ened: and satay mst be by the a 
ator. So ee 


In eonerel- for flotation. re Anise cued nydreted 1 lime is prouatly 
the most favored. It is active as a neutralizer of acid, imparts alkalinity, 
is.a purifier and a depressor, end is easily handled. Its chief disadvantage 
is its cast. a aaa le SORneE: aa ee be pastes teed despite | their 
inefficiency. ee ee ee ee | fe, 


The. dieuicat, “Lime. ( Cac). ie the. most. desirable constituent or. a 
"lime," and hence the "available lime" content is often an indication of the 
value of the material. . Quicklime is Ca0:/plus impurities) and therefore | 
might be considered better than the hydrate (Ca0H).or those limes which con- 
tain magnesia (MgO) and other impurities. However, the hvdrate is easier 
and safer to handle, and in some cases: dolomitic limes are not disadvantageous. 
For neutralizing acid, dolomitic lime. is very: effective, ‘but it is not effic _ 
ient in imparting alkalinity because the magnesivws hydrate is insoluble. If 
free acid is to be neutralized, unburned limestone may be used, and subsequent 
treatment may be done.with lime. Most of the impurities in lime act only as. 
fillers and are not harmful in themselves; the chief active constituent is 
the soluble calciun. of ide or aiabuaos | 


In choosing 4 ‘lime, an- operator. a considst ‘the purpose of adding 
lime, the properties of the. particular. lime chosen, and the value of the 
limes with respect to their costs, . Since there.are no hard and fast rules to 
govern the selection, operators. differ in opinion me mes choice of lime. 


The method of using lime is also subject te personal opinion and. 
plant operation.. In. general, lime for water purification and as’ a reagent in 


flotation should be added to the circuit early enough to allow it to be most 
er reseae in its reactions. 
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